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PREFACE

The objectives of this Workshop were to provide a review of available
or potential techniquesvfor continuously tracking fleets of expendable,

floating drogues drifting with surface and subsurface currents over distances
of up to 100 km

and over time durations of weeks or months.

The Proceedings

are intended to be of value to coastal hydrodynamicists and those concerned

with the dispersal of pollutants in the coastal zones of the Great Lakes and
the oceans to stimulate scientific operations,

research and development.

As far as possible the discussions following each paper and the General
Discussion have been reproduced.

This will provide the specialist reader

with a deeper insight into the reasoning behind the conclusions reached,

recommendations made and research needs identified.

A summary of the

General Discussion is also provided as a shortened version from a tape.
Although it has not always been possible to readily identify participants in
some discussions, this is not a major drawback.

To facilitate future

communication, a list of attendees is supplied together with brief resumes
of the current interests of most of those present.

The Editor is indebted to Dr. Clifford H. Mortimer, Dr. Mervin D.
Palmer and Mr. R. M. Eaton for their helpful reviews of this document.

Andrew E.

P. Watson

SUMMARY

The Board's Standing Committee on Lake Dynamics sponsored this

technical workshop, held in the IJC Great Lakes Regional Office, Windsor,
February 24 25,

1975.

The objective of the workshop was to address the

problem of measuring surface currents on the Great Lakes to provide
fundamental data in order to gauge their contribution to transboundary
pollution.

Twenty one participants attended,

including members of the committee,

researchers in the field, manufacturers of electronic navigational equipment and members of the IJC Regional Office staff.
Eight invited papers were presented and four others provided, covering
the experiences obtained with operating drifting buoys with attached
instrumented drogues in both ocean and Great Lakes waters.

Drogue designs

were discussed and the necessary degree of sophistication for their purpose,
explained.

In addition,

the merits and disadvantages of existing and

proposed navigational and communications aids were debated for use in this
application.

The attendant management problems were given equal emphasis.

Conclusions, recommendations and research needs were derived and are presented

in Chapter 14.

Some particular points concerning experimental design and

management strategy, raised during the workshop, are summarized below.
A)

E UIPMENT

Drogue Design Considerations

It was agreed that the drogue sensors should monitor water temperature

(e.g. by means of thermistors) and perhaps also water
pressure transducer).
10 m

depth (e.g. by a

The drogue immersion depth would commonly be about

and four or five additional thermistors would be suspended at

intervals below it, giving a total drogue plus sensor line vertical depth of

about 20 25 m , with a suitable lower sinker weight attached.
Although it was considered necessary to minimize the total drogue area
and sensor depth, Monahan's rule for drifting drogues was cited, i.e.

that an

underwater area of at least 100 times that exposed above water be utilized.
Line drag places an overall limit on the depth of equipment used.

Maximum

feasible drogue and sensor attachment depths might prove to be 50 to 60 m.
Drogue Deployment and Tracking
User requirements will

vary from say 3 to 4 locations about 10 km

apart to a closer initial array of up to 20 drifters.

There are likely to

be two general classes of experiment; one concerned with nearshore motions
and dispersal, the other related to whole basin motions using large, more
widespread, arrays.

Drogue Positioning and Interrogation Techniques

1.

Acoustic

The application of underwater acoustic transmission technology
(i.e. SONAR) was discussed in relation to the Great Lakes drifting buoy
project.

Compared with its successful use in the ocean,

it was felt that

in nearshore areas of the relatively shallow Great Lakes, problems would be
encountered in signal interpretation due to interfering echoes from the
lake bottom and losses at the surface.

Specialists in the use of this technique emphasized the signi-

ficance of the underwater sound velocity profile.
necessary.

It was, nevertheless,

Continuing research is

considered a valuable tool to explore for

this purpose in the Great Lakes, utilizing shore stations and hydrophone

depth and positioning systems.

The underwater transmission technique could

avoid some air-water interface problems associated with drogue positioning
by conventional methods.

It was noted, however, that personnel thoroughly

familiar with this methodology would be required in its implementation.

2.

Radio Navigation, Low Frequency (LF) and Very Low Frequency (VLF)
Both Loran C and Omega (VLF) radio location techniques are valuable

in this context when used differentially.
maximum range of 1,000 km

Loran C is favoured with a useful

(650 n. miles) but to date, coverage of the Great

Lakes is not extensive and is especially lacking in the Upper Lakes.
global network will be expected to serve this region by 1980.

Omega (VLF) has an accuracy of i 500-700 m
development may reduce this to i 300 m.

The

Differential

at its maximum range but further

The range, when used differentially,

is comparable with that of Loran C.

3.

Earth Satellites

The United States Department of Commerce's National Oceanic and
Atmospheric Administration (NOAA) designed the NOVA series of buoys for
severe and moderate environments,

respectively, to be position located and

interrogated by the NIMBUS-4 Earth satellite.

be followed up to 1,500 km

These deep water drogues can

(975 n. miles) range and have an 18 month

operational endurance.

A parellel Environment Canada project has contracted for ten expendable

drifting buoys, costing up to $1,000 each with a minimum operational life of
ten days,

to be locatable at distances of up to 100 t 1 miles.

This equip

ment has been designed for tracking by and communication with the proposed
NIMBUS-F satellite.

4.

MULTITRACKER System

This equipment is commercially available for simultaneously tracking
a total of 30 buoys from ten shore stations.
ponders,

The buoy radio frequency trans

costing several thousand dollars each, are not considered expandable

hence not suitable for the proposed Great Lakes project.
B)

PROGRAM MANAGEMENT

Earlier speakers had already emphasized the importance of management of

all aspects for the successful operation of this type of project.

It was

generally agreed that, since data handling is of major importance,

it should

receive as much or greater consideration as that afforded the problems
associated with scientific equipment and related technology.

Additional items influencing management decisions would include
provisions for training specialized personnel and allowance for the costs of

operating and maintaining the equipment and facilities utilized.
Management problems were discussed in terms of a systems analysis concept.
Such a study could be expected to derive alternative approaches which
would

satisfy the requirements of the Committee's needs and provide estimate
s of both
cost and effort for the equipment envisaged.
Support for such an analysis was
considered to be a federal government agency responsibility.
Several

current United States federal agency programs were described

pertaining to Great Lakes management.
Region V,

for example,

The U.S. Environmental Protection Agency's

undertakes a Great Lakes surveillance program with the

dual objectives of regulation enforcement and of researc
h.
confined solely to one particular lake.

In this regard,

This study is not

it was noted that any

system adopted should be readily applicable for use in all
the Great Lakes.

This implies both planning and designing features
to facilitate the transport
of floating equipment and the location of the naviga
tional and communication
aids used for buoy tracking and interrogation, respec
tively.
The contribution

was also noted of the recently established NOAA Great Lakes Environmental Research

Laboratory at Ann Arbor, Michigan.

Canadian agency programs in this context

had already been described during the presentations and participant introductions.

Following brief discussion on the use of models in Great Lakes management,
the Chairman cautioned against ready acceptance of modelling techniques per ES

without prior awareness and understanding of the limitations to their application.
In View of the variety of government agency sponsored,

international,

activities on the Great Lakes directed toward this objective, it was recommended that an Advisory Committee be established to coordinate and evaluate
current and proposed efforts.

INTRODUCTION

Dr. Mortimer,

Chairman of the Standing Committee on Lake Dynamics and

of this Workshop, reviewed studies of circulation of the Great Lakes.

Coastal

currents less than ten miles offshore have recently received attention in
respect to tracking and modelling of thermal plumes.

However, very little is

known regarding the variability of the "underwater weather" into which these
plumes are released.

Over the past three years, fixed current meters have

been used in nearshore zones

pictures vividly

some ten miles wide; yet, as Earth Satellite

inform
us, there remains much to be discovered concerning

horizontal dispersal patterns on whole basin scales and sub-scales.

Whole basin studies are also needed in these stratified systems which,
owing to their size, pose sets of new phenomena not observed in small lakes
nor in the oceans.

In summer, the Great Lakes exist as stratified two-layer

systems with a sharp thermocline.

Both windstress and the Earth's rotation

(i.e. the Coriolis Force) provide up-and downwelling in ten mile wide strips.
The potential energy injected here is distributed throughout the whole basin
as large amplitude internal waves involving the entire thermocline.

Simple

linear theory envisages (i) nearshore Kelvin internal waves involving geostrophic
shore parallel currents confined to within 15 km

of the shore, and (ii)

internal Poincare waves which influence the entire lake thermocline.
These internal standing waves traverse Lake Michigan, as discovered by Dr.
Mortimer's observations using instrumented railroad ferries, and the pattern
probably extends along the whole length of the basin.

This latter postulate

could best be tested by Lagrangian measurements with floating instruments.
Based on these and other observations,

it would be expected that the thermo

cline would be divided into a cellular pattern of alternate ridges and valleys.

ll

DRIFT AND DISPERSALS OF DROGUES IN LAKE CURRENTS

CHAPTER 1
C. R. Murthy
Canada Centre for Inland Waters
Burlington, Ontario

At the Canada Centre for Inland Waters, we have used a wide variety of
drogues

to measure the mean drift and dispersal characteristics in coastal

waters as well as in the mid lake (Murthy 1969; Weiler and Murthy
1971).
By and large we have

used drogues mainly to measure the mean current speed

and direction mostly in support of our

dye diffusion experiments in coastal

waters, except on two occasions when we carried out special
ized drogue ex
periments.
In a series of experiments, we were particularly interes
ted in

making Lagrangian* and Eulerian** current measurements in coastal
waters (Murthy
1973).
This aspect is probably not of particular interest to this
workshop.
For more information,

it may be of interest to refer to the work of Longue
t

Higgins (1969).

The second series of experiments,

conducted during the IFYGL (International

Field Year on the Great Lakes) Program of 1972, may
be of particular interest
to this workshop.
These experiments were designed and carried out
to study
the mean drift and dispersal mechanisms_of float
ables in the surface layer of
Lake Ontario, as part of an overall program to
study turbulent diffusion
processes .

A wide variety of drogues,

drift cards and drift bottles has been

successfully used as tracers to measure large
scale horizontal circulation

and dispersion in the Great Lakes
(e.g.
*The kinetic potential,

Csanady 1963;

Okubo and Farlow 1967).

describing a dynamic system in term
s of position coor-

dinates and their time derivatives.
potential and kinetic energies.

This equals the difference between
the

**A graphic method using circles to
represent relationships between and
operations
on classes and the terms of
propositions by inclusion, excl
usion and intersections.

In our study, roller-blind (window-sail) drogues were used to simulate the
These drogues, with their large area ratio
dispersal of floatable particles.
the changes in the
of drogue assembly to surface appendage (50:1), respond to

for
surrounding water movements quite well and have been used successfully
Langrangian measurements.

The drogues were calibrated in the field to

estimate the wind drift due to surface appendage.

The drift was found to be

less than 1 cm/sec_l.
The use of marked drogues or similar floating objects for studying

turbulent dispersion has a number of limitations.

Floatables, because of

their density, are constrained to move in a horizontal plane and respond only

to the horizontal components of essentially three dimensional flow.

TAnother

limitation is the so called "filtering effect" by which smaller scale
turbulent eddies are effectively damped out due to the finite physical size
of the drogues and therefore do not contribute to the turbulent

and diffusion (Cederwall 1971).

transport

Cederwall has demonstrated the "filtering

effect" in laboratory channel flow by observing the dispersal of different
size drogues.

Smaller size drogues would have

beenmore suitable for this

study, but practical considerations in the field dictated the use of roller
blind drogues.

However, to simulate large scale horizontal diffusion, these

drogues were considered adequate, although smaller scale turbulence is averaged
out due to the physical size of the drogues.

In an experiment designed to study the simultaneous diffusion of
fluorescent dye and a group of drogues, we have also recognized these effects

in field experiments.

The details of these experiments and some interesting

results are contained in a short note, in the forthcoming issue of the Journal
of Physical Oceanography.
I would like to itemize the main findings from our experiment:

1)

The overall dispersion of the drogue group was restricted in com

parison to the dye diffusion.

As remarked earlier, this is due to

the physical size of drogues responding only to the two-dimensional

flow and "filtering effect";

l3

2)

The drift of the drogues released in coastal waters (within 2 km or
so) was generally shore parallel, whereas the drift of the cent

roid of drogue group released offshore (20 25 km) exhibited typical
inertial movements;
3)

Periodic regrouping and subsequent dispersal of drogues

(released

offshore) at approximately 16-18 hours corresponded to the local

inertial period indicating the presence of convergence and diver
gence in the flow field.
in some detail.

Okubo (1970) has discussed this problem

Thus meso scale motions such as convergence and

divergence of flow field as well as turbulent dispersion due to
random eddies are important considerations in the kinematics of
floatable clusters.

In summary,

in addition to looking at the drift and dispersal of drogue

groups in coastal currents, one can attempt to describe the flow field itself

from continuous tracking of a group of drogues as suggested in recent papers
by Okubo et al.
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DISCUSSION

CUTCHIN:

By your comments of Okubo's theoretical work on convergence and div-

ergence, you prefer to ascribe those sorts of variations to oscillatory
variations in the convergence and divergence?

MURTHY:

CUTCHIN:

That's the only possible explanation that is given.

Why?

Well, it's good news to a lot of people like myself who believe in

whole basin motions and oscillatory and the like explaining most of the
fluctuations of the currents in terms of organized motion rather than tur
bulent eddies.

That is exactly what you would expect to see if there were

oscillatory shears which are consistent and repeatable.

What they were doing

was actually stretching the patch out, returning it to more of a circular
cluster and then stretching it out in the opposite direction.

What you might be able to do is to look at the shape of the patch,
observe the eccentricity as a function of time (it is an ellipsoid generally)
and examine the facts.

You might find out that it is true.

The patch is

generally growing larger at some constant rate, the shape factor changing in
an oscillatory fashion.

WATSON:

I was very struck by the analogy here to astrophysics and the kinetics

in the formation of galaxies.

I wonder if you, as a group, have looked at

this problem in relation to what theoreticians and other people involved in

astrophysics have found?
MURTHY:

I know about meteorological work but I do not know of astrophysical.

Oguro did balloon tracking in the atmosphere in the early 1950's.

I had more

atmospheric work in mind after reading Oguro's book and there are some
similarities in this sense.

The "filtering" effect that I was mentioning was also demonstrated in the

laboratory by Cederwall in Sweden.

He applied various sizes of drogues and he

did this one in channel flow.

PALMER:

Do you think yOu can identify two things for us which might be very

The first is:

relevant?

what degree of accuracy did you need in the drogue

fixing and positioning to have the same sensitivity as required for your

What kind of accuracy are you seeking for, say, a 12 or 14 day

analysis?
drift?

Secondly, how important is getting synoptic information on the ten
drogues?

MURTHY:

What is the time frame?

I have not really done any thinking on this.

Since we are looking at

large scale motion in the order of weeks and months and the accuracy is within

i 50 metres, it might not affect it in any sense because the drogue itself is
already damping out smaller scales of up to 5 metres.

So in that sense you

will probably have limitations in the accuracy due to the technical conve
nience.

It depends on the type of technique.

So far as our competence in synopticity is concerned,

I don't think even

that makes much difference if we can make it at least partly synoptic within a
couple of hours similar to the dye patch, because the dye patch is happening
within the moment.

The size of the patch takes time to develop,

from two to

six hours.

PALMER:

Can we go back to your slide of the dye spots.

You say correct

to within 1 50 metres and that includes the differences between those spots.
That is why I asked the question.

MURTHY:

The accuracy for drogue positioning in our case is about i 10 metres

because we are using radar navigation.

PALMER:

(Referring to the projected slide.)

If you plotted those error bars

l7

and you superimpose :ISO metres on those points then the differences that we
are getting between the relative groupings would not be quite so well defined,
I think.

MORTIMER:

Well,

that sort.

I see it would be helpful to have the spread on a diagram of

You can Visualize a spread as equivalent to some statistical

confidence limit on the location.

PALMER:

The other question I had concerned the starting time of drogue

tracking for dye patch comparisons.
MURTHY:

You say two hours.

Some of this tracking, I think, is fairly synoptic with so many

variables.

l9

BUOY TRACKING ON THE GREAT LAKES USING VERY LOW FREQUENCY
AND LOW FREQUENCY NAVIGATION AND COMMUNICATION SIGNALS TRANSMISSION

CHAPTER 2
Mr. J. Beukers
Beukers Laboratories, Inc.
Bohemia, New York

This paper describes the application of VLF (Very Low Frequency) (10-30
kHz.) and LF (Low Frequency) (30-130 kHz.) systems for tracking drifting buoys
and interrogating them by re transmission on VHF (Very High Frequency)

or UHF

(Ultra High Frequency) radiosonde applications - eg. re transmission at
frequencies of 26, 350, 400, 406, 407 and 420 MHz.

The merits of utilizing

the over 100 existing North American meteorological monitoring stations, are
noted.

Drifting buoy studies during the (1972) IFYGL (International Field Year
on the Great Lakes) are presented.

Using differential Omega (VLF, 10-15

kHz.) or Loran C (LF, a pulsed system with a mean frequency of 100 kHz.) a
position accuracy of i 100 to 200 ft. at a range of up to 1,000 km. is
possible for a fleet of buoys with re transmission.

Usually a 5-20 mile range

is found without re transmission, dependent upon the antenna height.

For data

recording, the "floppy" discs of 100,000 bit information capacity, available
for radiosondes,

can be installed.

Also discussed is multiple remote tracking of drogues, with individual
identification for interrogation at specific intervals.

Earth satellite

technology is similarly included as a viable system for drogue tracking and
re-transmission of data.

For the Great Lakes, differential Loran C (monitored

by the U.S. Navy using a Caesium-beam frequency standard) is favoured but the
geographical coverage is as yet inadequate for this region.

Adequate Omega

coverage for the same region is expected by 1975.

The major element for implementing feasible systems concerns the problems

of management.
involved.

This factor equals or exceeds the technological development
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DISCUSSION

EATON:

In synchronizing the Omega transmission, you

probablydon't require an

oscillator in the buoy to keep in time with the satellite position?

BEUKERS:

That is correct.

Now this,

I think,

device for keeping the buoys on track.
once.

Well,

It means that they have to be timed

it is a fact that if the station goes down all the buoys will

skip the same amount at lO second intervals.

slots they will come up
KERUT:

is a very powerful and subtle

So, as long as you allocate time

in those divisions.

Relatively speaking how much will they be, the buoys and their related

systems?
BEUKERS:\ I don't want to belabour the whole subject of re transmission, but
just to give

anexample here, I think that a device like this (demonstrates

instrument which is a radiosone Navaid receiver) will receive the spectrum of
Loran,

tuned to receive from 10 150 kHz

(KiloHertz).

This

(demonstrates same

receiver) is part of a Radiosonde and probably costs, as a sub assembly,
the order of $4-$6.

The Radiosonde,

incidentally, sells in quantity,

$30 $50 which includes an aneroid element, a thermistor, etc.

in

from

The demons

trated receiving antenna is a 6-foot piece of wire which goes up the balloon
train.

KERUT:

What category do you put the base station in?

How do your costs com-

pare when you put the receiving station into the system at headquarters?

The

cost to the investigator may be best.

BEUKERS:

The cost to the investigator includes whatever packaging he has to

do and whatever timing and identification, etc.,

that he wishes to put

into

it.

It includes a base station.

But a base station with the magnetic tape

and all the data reduction equipment runs from $50,000-$100,000.

The system

that we have on board the mobile van is one such, having two magnetic tapes

and costs around $100,000.
The differential Omega re transmission system that we are working with

KERUT:

The estimated cost of the buoy packages range

is not made by John Beukers.

from $500-$750, not including the cost of the buoy.

The shore station equip

ment which is being set up ranges from about $50,000 to $60,000. That includes
the total data acquisition pack.
Omega

I would note also that, when you use the

tracking signals for timing, it does limit the number of buoys which

you can use and retain for the travel links.

BEUKERS:

With time MULTIPLEX, one has to look for a minute at each buoy.

If

one wants to go back to look each hour, you are perhaps limited to about 50
buoys.

POPPE:

Have you tried dividing the ten seconds up further?

the Omega signal gives a lO-second time mark.

What are you

In other words,

proposingto do

with it?

BEUKERS:

What we do is to use that ten seconds tick and divide down so that

each buoy transmits once per hour for example.
POPPE:

In effect what you have replaced is a crystal and one integrated

circuit.

BEUKERS:

Yes, that's right.

Except that you are assured of the stability

which for weeks will be maintained according to the station.

other comment on this:

I have just one

that the base station which we use is a differential

station, it processes Loran, VLF and Omega and we inter mix these so that we
can obtain coverage where,

at present, Omega is lacking.
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PALMER:

What is obtainable in terms of accuracy of location with some of

these hyperbolic type

BEUKERS:

(I think) transmissions?

The Loran system will support, not on an absolute basis but on a

relative basis, accuracies in the order of 100 to 200 feet.

PALMER:
BEUKERS:

What do you mean by "100 foot, relative"?
If you have

your cluster of buoys then We are addressing relative

positions of the buoys rather than an absolute position of the whole field.
We can then achieve greater accuracies and fifty feet type numbers are not

unreasonable.
PALMER:
BEUKERS:

This is independent of rotation?
I assume you mean rotation of the field.

the Navaid geometry.
Ontario,
poorer,

PALMER:

BEUKERS:

Acouracy depends upon

Now 50-100 ft. would probably be achieved on Lake

but as you go further away,

the geometry and the signals become

then of course you will not support that type of accuracy.

What is the absolute position?

Using differential Omega or differential Loran with benchmarks,

we can achieve similar accuracy to relative positional accuracy.

We take

account of propagation effects along the path of the Navaid transmissions.
Absolute position without any corrections can achieve an accuracy between
1,000 feet and 2,500 feet for Loran-C.

Differential Omega will support

an accuracy of something like 1/4 mile within the vicinity of the monitoring
station.

VLF, which has a higher frequency, will

sort of accuracy.

probably support the same

In the Great Lakes area, using North Dakota and Cutler

and Jim Creek, we could probably improve this.
PALMER:
effects?

Are we associating that then with weather, such as thunderstorm
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BEUKERS:

Yes, accuracy is affected by atmospheric noise.

activity affects the signal:

the available signals,

Thunderstorm

noise ratio rather than the signal phase.

With

if we are using North Dakota in the Great Lakes region,
We will have a problem

there should be absolutely no problem in this regard.

with Trinidad - and probably when the Trinidad Station goes to Liberia - and
with Norway there may be some problems with the signal strength.

POPPE:

One of the interesting things is that everybody thinks of the thun

derstorm overhead whereas Omega can operate in violent thunderstorms and that
is not a problem.

The problem is the large weather system a couple of hundred

miles away that is more harmful.
BEUKERS:

Yes, the approaching cold front which has many Cumulo Nimbus

thunderhead clouds is very active and causes a marked degradation of the
signal to noise ratio.

POPPE:

Of course it has a more integrated effect.

do you get in all the thunderstorms going overhead?

How many lightning strokes

We have been in some

raging storms and I've seen some of the strangest static.

KERUT:

I would like to make one comment on the differential Omega system

which we will be evaluating.

The manufacturer claims accuracies in the order

of 100 metres out at distances of less than 50 miles and accuracies of 300
metres out to 100 miles through signal processing techniques.

That's why we

are evaluating it.

WEBB:

These are very well noted numbers and I think they originate from

Burrough's and Mordrum's work.
CUTCHIN:

Perhaps this question has been asked before.

Are there essential

difficulties in running this type of system close to the water?

BEUKERS:

No, Loran and Omega are received on the surface of the water and of

course Omega goes down a little bit but Loran doesn't penetrate very far.
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Typically, one needs a 3 foot whip antenna.

We can use a smaller one but a

3 foot whip is a reasonable structure.
MORTIMER:

Does it have to be dry or can it be wet?

BEUKERS:

We have to remember that the impedance of an antenna to receive

these very low frequencies runs in the order of 500 kilohms to one Megohm

and therefore any leakage (freshwater is a bit better than salt water)
makes the antenna ineffective so we have to coat it with epoxy resin and

all those things that keep out moisture.
WILSON:

I have just one question and that is what do you envisage,

necessary,

if

to re transmit from a water surface as opposed to 5,000 - 10,000

feet up?

BEUKERS:

Well,

I think that maybe John Carros will address this a little

bit in his talk, but the swell and the fact that your signals are coming
off the surface means that you must get up to a reasonable altitude.
say, it is a restriction of this technique.

As I

If some high ground is avail-

able it s fine or if one flies a kiteoon* or has some other method but it
is a severe restriction on the range that one can get,

unless one can go to

satellites or use HF (High Frequency) or some other communication technique.

WILSON:

Coupled with that question was the transmission technique which

you have considered defective.

What is there in terms of time space to add

sensor data, types for which we are not really aware of at this time?

BEUKERS:

Sensor data can be either time or frequency MULTIPLEXED on the

carrier wave.

The radiosonde sends back time multiplexed temperature,

pressure and humidity.

Navigation signals occur at a different part of the

frequency spectrum, and one tries to keep them so that the met. and Navaid
don't

interfere with one another.

There is the opportunity to transmit

* Manufacturing trade name for a finned balloon.

For instance,

other sensor information.

the thermistor could measure the

temperature of the water.

PALMER:

this
You indicated here that you were inviting the question that

should be done if you are talking about management.
thing should be done say,

on a contract to a business organization or the

material should be built and then used

BEUKERS:

That this sort of

by the scientist?

My comment was just thrown out here, but shouldn't really be

addressed at this time.

In a conference of this nature,

the reason for

of data for some
those attending is, I believe, to talk about the gathering

useful objective.

Our purpose is the objective and not the scientific

collection of data for its own sake.

In order to get to the end point of a

fic decisions.
report or something useful, it requires much more than scienti

cs
It requires overall management of a program which includes the logisti
and the training,
$5,000 or $10,000,
program.

etc.

The cost of the remote package, whether it be

is really insignificant when you look at the whole

ed at
My point was that one of the topics which should be discuss

as well as
workshops of this nature is the management of getting the data
the scientific sensor information and so on.
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A SUMMARY OF POSITIONING METHODS FOR "TALKING BUOYS"

CHAPTER 3
R. M.

Eaton

Bedford Institute of Oceanography
Darthmouth, Nova Scotia

INTRODUCTION

This is a brief summary of the positioning methods that first come

to mind as solutions for tracking drift buoys.

The emphasis is on Loran-C,

not because it is necessarily best, but because our main experience over the
last few years has been with it.

A thorough study is recommended to develop the best compromise positioning
solution.

The scientist must first outline his requirements for range;

frequency of interrogation; accuracy required in resolution,
velocity measurement, and in geographical location,

etc.

in instantaneous

However,

be permitted to adapt to positioning problems and possibilities.

these should
The eventual

solution should be the result of a continuing dialogue between the scientist

and the specialist in positioning; however, both must obviously realise that
this process is not open ended.

At a certain stage the scientist must be pre

pared to state his requirements and stick to them.

ACOUSTIC METHODS

Acoustics seem a logical solution for underwater instruments, but in

shallow water there are major problems

(e.g. power loss due to surface and

seabed reflections) that severely limit range, probably to a few km

at most.

The acoustic solution is probably useful only in small area local surveys.
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DIRECT WAVE RADIO

This requires line of sight between the buoy and the transmitter.

Satel-

lite navigation ("Transit") has this, but gives only intermittent fixes, at
random intervals.

Motorola and Trisponder give very high accuracy from shore-

based radio-type interrogators, but

the shore equipment is expensive (about

$35,000 for a 4 buoy system) and the buoy transponders are not expendable,
at $5,000 each.
RE TRANSMITTED PHASE COMPARISON RADIO METHODS

either

1)

Medium and Low Frequency, groundwave

or

2)

Very low frequency, waveguide propagation.

Groundwave systems are much more stable and have higher resolution.

They

suffer cycle identification problems.
VLF and Omega are unstable and must be operated differentially for reason-

able accuracy.

This is no great problem, as a differential monitor can be

built into the re transmission receiver.

They also suffer cycle identification

problems, but at these low frequencies the
measurement is ambiguous) are 15 km

lanes

(unit beyond which the

wide, so that hourly interrogation will

maintain track of the correct cycle.

One solution of cycle ambiguity might be to D.F.

(Direction Find) on the

re transmission from the buoy.

Another solution,

suggested by M. Poppe,

is to employ inverse hyperbolic

positioning.

Phase comparison systems available include:

Medium Frequency

(e.g. Raydist,

Hi-Fix)

(Groundwave)

- Range limited to about 100 km, less over land;

- A user-operated system making it very expensive,

up the transmitters.

as the user

must set

However, he has the advantage of deciding the

coverage for the job in hand;
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Very high accuracy (approx.

10 m repeatability);

Acute cycle identification problems.

Low Freguency (Loran C, DECCA)

Ambiguity every 80 m.

(Groundwave)

Can be user operated (e.g. "Accufix", "Pulse 8", "Mini-chain",
"Megapulse" are all the same portable Loran C;

"LAMBDA" DECCA).

These are so expensive as to be ruled out except for operations like
IFYGL;

Loran C coverage is at present fair over the lower
to non existent in L. Superior.

Great Lakes, marginal

Full coverage should be available by

1980, perhaps in the form of Figure l.

Mini chain may be available

on a sharing basis earlier;

Accuracy estimates are given in Table 1, based on data from Figure
2.
With differential operation, geographic accuracy approaches repeatability.

These estimates are very much on the safe side;

As with any system, Loran-C will occasionally give bad results
if

extended beyond its proper operating range of 1,000 km (650
N.M.*).
Figure 3 shows an example of this;

Cycle ambiguity problem may be serious.

It occurs at intervals of

about 2 5 km.

(Note:

The constant slope of the readings shown in Figure
s 2 and 3 is a
harmless feature of this particular range-measuring
receiver.)

Omega and VLF

Resolution and repeatability are lower than any other system;

Accuracy degrades with distance from monitor station;
Low Signal to noise ratio seriously affects accuracy.

This will

probably be marginal on all stations except Hawaii and N. Dakota,
and
as the Great Lakes are near the hyperbolic baseline
extension of this
pair, Omega fixing is questionable;

Navy VLF Communications transmissions are
stronger and more stable, and
the transmitters in Maine, Panama and Washington
State give good coverage
on the Great Lakes.
Unfortunately, VLF is not scheduled as a naviga
tion
system, and too heavy reliance on it could be
disastrous in the case
that signal format,
\

*Nautical Miles.

etc., were drastically changed.
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REMARKS

This is a brief simplification of a complex technology, intended to give
an idea of the diversity of methods available.
It is unlikely that any one system will provide the solution.
Beukers'

John

suggestion of combining the signals of systems controlled by atomic

frequency standards (Loran C, Omega, VLF) is an attractive one.

Figure 1.

Possible future Loran-C
chain layout.

Table l
Loran C Accuracy (20)
Maximum Position

Reading

Position
Line

Sea

0.2 us

30 120 m

50 500 m

Land

0.5 us

75-300 m

150-750 m

GEOGRAPHIC

Sea

1.0 us

150-600 m

300-2000 m

ACCURACY

Land

2.0 us

250-1000 In

500 2500 In

REPEATABILITY

Error (long axis
of error diamond)
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Figure 2.

Loran C range measurements at medium
and long range under normal conditions.
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l800 L.M.T.

Loran-C range measurements at medium, long
and extreme ranges under bad conditions.
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DISCUSSION

POPPE:

There are two possible extensions which may be added to the system

you described.

First,

in a retransmission system, when you receive a signal

at the buoy and retransmit it,
path at the speed of light

it continues to travel along the telemetry

(at the telemetry frequency).

This introduces

the possibility of measuring position in both the hyperbolic mode and

through ranging on the telemetry path.

In general, such a system provides

additional measurements, permitting a generalized, least squares position

solution (as opposed to separate solutions).

carried out at one or

very powerfully

These measurements would be

at two receiving sites, as

opposed to using a direction finding type of arrangement from which cycle
ambiguities are liable to result.

secondly, you could consider the use of inverse Loran C or an inverse
hyperbolic system.

In this case, the buoy tranSmission (not necessarily

of high stability) is received at three sites.

From the three resultant

range measurements, we solve for latitude, longitude

and frequency.

A

modification would receive and retransmit a single shore based signal (e.g.
the North Dakota Omega Signal).
at the receiving sites.

This would provide a stabilized signal

A final possibility

wouldbe to transmit a

chirped 30 MHz pulse signal (a frequency-swept pulse).
Other than that, I couldn't come up with any other combination.
did very well.

However,

You

I believe the Omega ranging concept is fairly

common .

EATON:

I like that one.

I don't like the idea of direction finding

because it is messy and inconvenient, but I think you
special data processing to derive the information.

wouldneed some very

It has been built.

POPPE:

It is a two way differential system which

simultaneously.
receives and processes a direct signal and retransmitted signal

To get those differential accuracies, it is suggested that in the

RODGERS:

close the system
Great Lakes, we need some means of monitoring to see how
accu
How close must we be to obtain those improved positioning
is to it.
racies?

to quote
There are many data on that for Omega and I should be able

EATON:

Right now I have only one figure of 800 metres at 50 km and 1700

more.

metres at 300 km for the Omega position accuracy,

really depends on the signal path.

20.

For Loran C,

it

If the signal path goes across the

and the
land/water to the re transmission receiver in the drifting buoy,
in much
monitor station which is going to make a differential measurement

the same proportion, you are all right.
are.

It doesn't matter how far away you

But, if there are strong path differences,

then you would have trouble.

is
However, for ground wave systems like Loran C and DECCA, the accuracy
differ
very much higher anyway and you don't have to bother so much about
It is on Omega Ultra Low Frequencies that there are very
ential operation.
l
large semi diurnal phase shifts, making differential operation essentia

for reasonable accuracy
CUTCHIN:

ie. 800 metres.

As far as direction finding is concerned, is there a decreasing

objection to direction finding as you go well up in frequency, to 150 MHz
or so?

EATON:

It is, I believe, more difficult.

I would give it an accuracy of

something like 5 or 10 degrees.
We do use VHF/DF equipment for recovering deep water buoys.

come to the surface, they

transmit on VHF and we home on that, but that is

only over two or three miles.

greater distances.

When they

I can't say if there are difficulties over

You would of course require line of shift between

transmitter and receiver.

If you receive the signal,

I think you should be
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able to DF it.

But of course the accuracy degrades with distance, because

the position error due to a given bearing error is a linear proportion of
distance.

MORTDWER:

If you have an array of antennae and increase the distance of

your antennae, can you increase the DF accuracy to a useful level?

EATON:

You woild improve the accuracy by moving the direction finding

stations apart until they
yOu are trying to DF.

have a 90-degree signal intersection at the buoy

You would also improve it by having a number of BF

stations.

Airborne VOR (VHF omnidirectional range) presents the inverse of a
buoy problem.

The aircraft to be positioned has a receiver which compares

a constant phase and a rotating phase signal from a large and expensive
ground antenna

MORTIMER:

.

Even so the accuracy is only within 2°-4°.

I read a Doctoral Thesis from the University of Wales, Menai

Straits Station, where a student had been tracking buoys in the Irish Sea

with very large tidal currents.

He was interested in residual flow, and he

had a land based station with rather an elaborate van with two Adcock
aerials of about 20 metres spacing.

He claimed a bearing accuracy of two

degrees and ranges of up to 50 miles or so.

EATON:

Well I'm suprised he got as good an accuracy as two degrees, but if

you were talking about fleets of buoys, you certainly will have an iden
tification problem if you try direction finding.
problem.

MORTIMER:

I don't think DF is a very

But that's a different

satisfactorysolution.

If you have a fairly wide spacing to start with however, and

keep a complete time history on them, you can follow then by space
identification.
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A DEVELOPMENT AND TEST PROGRAM FOR DRIFTING BUOYS

CHAPTER 4
E. G. Kerut
National Oceanographic and Atmospheric Administration
Data Buoy Office
Bay St. Louis, Mississippi

This paper described the major program areas of the NOAA Data Buoy Office
in Oceanographic studies.

The four programs are noted in Table l as:

expendable Lagrangian current buoys used in the Southern Ocean FGGE
Program

-

(First GARP* Global Experiment);

HF/NAV SAT (High Radio Frequency Navigation Satellite) Ice Buoy;
expendable Ice Buoys; and

-

"Tall" buoys for Air Sea/Mixed Layer Studies.

Mr. Kerut illustrated the drifting buoy development program by means of a
schedule shown in Figure 1 covering events from Federal Fiscal Years 1975
through 1979.

Design features of Moderate (see Figure 2) and Severe Environment drifting
buoys

(NOVA Series) are given, in addition to the types of sensors carried for

measuring wind speed, barometric pressure, air temperature, sea surface temp
erature and water temperature at 5 100 metres depth described in Table 2.
The low cost expendable buoy for moderate environmental service, for example,.

employs the RAMS (Random Access Measurement System)

see Tables 3 and 4

communication with the proposed NIMBUS F earth Satellite

see Figures 3 to 6

and is expected to have an operational lifetime of 6 12 months.

The RAMS system elements consist of a polar orbiting satellite, drifting
buoys and processing of platform and sensor data.

Data telemetering described

in Table 5, and Doppler measurements comprise the measurement system and random
access includes both a random time of platform transmission at a random
frequency within the :6 kHz band.

Features of the data telemetering technique

*Global Atmospheric Research Program

together with the characteristics of the buoy transmit terminals (BTT) are

described in Tables 6 and 7.

Compatibility test reSults of the RAMS BTT

engineering model are shown to demonstrate the applicability of the system.
Other communication systems considered are the TIROS-N satellite buoy
transmit terminal and the Loran C low frequency radio re transmission network.
As can be seen,

these represent earth satellite dedicated designs.

proposed performance goals of TIROS-N (l978- 79)

shown in Table 8

Finally,

are

presented.

GENERAL REFERENCE OF INTEREST

"A Buoy Transmit Terminal for the NIMBUS F Satellite" by T. Layne Livingstone,
G. Haas and K. Farber, IEEE Transactions on Geoscience Electronics

(1975),

Vol. GE l3, No. 1, (January), pp. 53 59.
N.B.

This is one of several papers comprising a special issue on Data Collection

from Multiple Earth Platforms.
Table l
DRIFTING BUOY MAJOR PROGRAM AREAS
Lagrangian current buoy
oceanographic expendable

configured for FGGE

o

HF/NAV SAT ice buoy
high accuracy

0

Expendable ice buoy
position fixing
GARP A coverage

0

"Tall" buoy
Air-sea/mixed layer

DRIFTING BUOY DEVELOPMENT PROGRAM
FY 75

FY 76

FY 77

S

DRIFTER

FY 78

TIROS-N

INDEX, POIYMIDE, CONSHELF

DEVELOPMENT AND

ISOS, NORPAX,

TESTING

NOVA II

IIIIIIIIIIIIIIIlllll lllllllllllllll
DEVELOPMENT

PRODUCTIO \I
PROTOTYPE

FGGE

PILOT

CONTINUED

R&D

PRODUC TION
IIIIIIIIIIIIIIII *

IIIIIIIIIIIII

AIDiEX,

FGGE

FGGE

BUILDUP

SHEAR ZONE EXP., ETC.
IIIlllllllll-lllllIllllllllIIIIIIIIIIIIIIIIIII-I

EXPENDABLE BUOY
TEST &
hlll llli u.
DEVELOPMENT

SEC ON

TALL BUOY

, ETC

PROTOTYPE

IIIIIIIlllllllll llllllllllllllII

DEVELOPMENT

EVALUATION
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Table 2
DRIFTING BUOY
MAJOR SUBSYSTEM DEVELOPMENT PROGRAMS
Communications

NIMBUS F

(RAMS) buoy Transmit terminal

TIROS-N
Loran C

Buoy transmit terminal
Retransmit

Sensors

Barometric pressure
Hamilton Standard NCAR design
National semi conductor-NDBO design

cost reduction program

- Wind vector
Sub-surface temperature
Drogues - Lagrangian tracking
At sea deployment

Table 3
RAMS PERFORMANCE GOALS
Launch date

June 1975

Platform position location accuracy

iSkm

Velocity determination accuracy

:lm/second

Time tag accuracy

10.1 second

Maximum number of platforms in
200
satellite field of View (at any one time)
Maximum number of platform capacity

1,000

Bit error rate

10 4

Probability of detection

0.95

Table 4

RAMS

RAMS

Bandom Access Measurement §ystem

0

Random Access Random time of platform transmission
Random frequency within iokHz band

0

Measurement system
Data telemetry
Doppler measurements

0

System elements
Polar orbiting satellite
Drifting buoys
Processing of Platform and sensor data

DRIFTING BUOY COMMUNICATIONS

NIMBUS
i g SMS/GOES
V
1+3

NUIVIBER OF TIMES PER DAY (OVER 3 DAY AVERAGE) THAT NIIVIBUS-F SATELLITE
IS ABOVE HORIZON FOR 10 OR MORE CONSECUTIVE MINUTES.
15-

00

Latitude of Great Lakes Region

50°

30°

Latitude of Platform
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Figure 4
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Table 5
DATA TELEMETRY FEATURES
Digital data transmission
a

401.2 MHz :l4.5 kHz

0

1 sec.

0

100 BPS data rate

0

32 data bits/transmission

o

64 data bit capacity

0

transmission every 63 sec.

.i6OPSK modulation

Table 6
BUOY TRANSMIT TERMINAL

(BTT)

CHARACTERISTICS

Transmission Frequency:

401.2MHzi6kHz

Short Term Stability:

1 x 10-9

LOng Term Stability:

:A.2Hz per 15 minutes

Modulation:

:600 :60 PSK

Coding:

Manchester split phase

Bit Rate:

100 BPS

RF Power Output:

2.4 Watts iddb

ID:

10 bit programmable ID

Physical Size:

Packaged to fit within a 4 inch
schedule 80 PVC pipe (21" (length) x

3.8" (Diameter))

Weight:

Under 4 pounds

Power Source:

12 VDC

Average Power:

300 mW

Operating Environment:

50 to +4500. with a max.

temperature slope of lOOC/day
Interface:

Flexible combinations of analog

and parallel/serial digital
sensor input options

Table 7
RAMS ~ BTT DEMONSTRATED COMPATIBILITY TESTS

(using RAMS engineering model)

20 Sept. 1973

Remarks

Duration

Location

Date

GE, Valley Forge

RF leakage problems but

5 minutes

system showed compati

bility when it operated

7 Feb. 1974
26 27 Nov.

1974

GE, Valley Forge

42 minutes

Compatibility demonstrated

T.I., Dallas, Tex.

7.5 hours

Compatibility demonstrated
Freguency Drift
10 to 12Hz frequency changes
between successive trans
missions (to be corrected

with use of new crystals)
Power Variation
No misses at
125dbm

received signal strength

29 out of 30 transmissions
were successful at -131 dbm
received signal strength
21 out of 30 transmissions
were successful at
l36 dbm
received signal strength
Table 8
TIROS N PERFORMANCE GOALS

Schedule

lst launch January 1978
2nd launch July 1978

3rd

5th launch 1979 1981

Configuration

5 satellites in orbit
2 fully operational, 3 limited operation
and backup

Orbital Parameters

Sun synchronous polar orbit
833 km altitude
103 minute period

98.7o inclination
CDA

Link Characteristics

- Wallops Island, Va.
Gillmore Creek, Alaska

Uplink only at 401.650 +12kHz

- Circular polarization

4 to 32 sensor word capacity/platform
- PSK at il.l radian modulation
400 BPS data rate
- 5-8km position accuracy
200 platforms in View at any time
2,000 platforms
global capacity
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DISCUSSION

CUTCHIN:

Have you any comments to make about the new,

inexpensive, radio drogues

which were used by Libby?

KERUT:

He was working with the NORPAX people at Scripps Institute of Ocean

ography,

on several topics.

The only comment that I could make is that

apparently up until the time of the marker he was successful with that system.
The signals cannot, however,

CUTCHIN:

all be attributed to a current.

In other words he was able to receive signals with that system

giving him a third degree of reliability?

KERUT:

I might add that we were very successful using that tracking with our

system.

We had a VHF tracking system on our buoy and at 2,500 feet altitude

one could locate the top of the buoy.

four or five days to observe the array.

We would send an aircraft up every

We could tell which buoy had a drogue

and which didn't and most of the drogues would stay clustered and drift only

four miles a day.

The ones that had lost their drogue could drift off at

the rate of about 25 miles per day.

MORTDMER:
KERUT:

Well that's significant isn't it?

Yes, that provided more than just a list of experiments on the drogue

system, for we were able to recover the buoys and find out exactly what was
happening.
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A SUMMARY OF THE INSTRUMENTATION AND PROCEDURES USED
IN THE BEAUFORT SEA SURFACE CURRENT SURVEY*
and

RADAR TRACKING OF DRIFT DROGUES IN RESTRICTED COASTAL AREAS

-

CHAPTER 5

British Columbia

INTRODUCTION

This study was part of a group of investigations organized to study the
impact of offshore oil drilling on the Arctic environment and conversely,

effect of the environment on the practicability of offshore drilling.

the

The

main objectives were (1) to track drogues over a very large geographical area

in a limited time period to determine a composite picture of the offshore
surface circulation in the Beaufort Sea as affected by winds,
water discharge, and mean drift and

tides,

fresh

(2) to test the feasibility of tracking

drogues over a large area using aircraft.

INSTRUMENTATION

The buoyant radio beacons

(see Figure l), constructed to withstand the

impact of being dropped from 100 ft at 100 knots, were developed ($12,000)
and produced at a cost of $109 each by Radio Engineering Products in Montreal.
They consist of a 1 watt VHF transmitter, a modulator, and timer and had an

expected life of two weeks but in fact transmitted from less than one week to
a month.

The circuit board and two 6 volt Mallory manganese alkaline lantern

batteries were supplied in a cylindrical aluminum buoy

the total weight of

*Mr. Landry's summary of material provided by Dobrocky Seatech Ltd. and
Dr. J. Garrett,

Pacific Region.

Department of the Environment, Ocean and Aquatic Affairs,

-

Pacific Region Laboratory
Victoria,

~_.,._~~4. ....__4,_.-r - .m__.v 1.1. A..._a..__..._......_r._ . ..-.:w.-.__<.i .; .. ;

U

Lorne Landry
Environment Canada
Ocean & Aquatic Affairs

To extend the transmitting life the timer

the package being about 10 lbs.

s with a duty cycle of 10%, i.e.
was designed so the buoy transmitted pulse

the

For discrimination between
between pulses.
pulse length was 10% of the interval
9 and 153.65 MHz and two pulse rates
the beacons, 8 frequencies between 152.9
to yield 16 distinct beacon
of one and two pulses per second were used
miles at 5,000
The transmitted signal was received for 30
characteristics.
feet, but as altitude decreased,

so did range.

the plastic panels were
Before dropping the package from the aircraft
, and tied with string of
folded accordian style, wrapped around the beacon

water soluble plastic.

The fall was stabilized with a 2 ft x 2 ft parachute

ved,
and after impact with the water the plastic tie dissol

floated off, and the drogue unfolded.

the parachute

(Figure 2)

equipment having a
The Aircraft was equipped with DECCA navigational
fix
Radio positioning was used (with a :0.13 to 0.5 mile
:300 ft. accuracy.
drogue.
accuracy) together with visual identification of the

CONCLUSION
aircraft
The 1974 experiment showed that tracking of drifting drogues by
is a feasible procedure for covering large geographical areas.

However, for

establish
smaller scale coastal areas a more detailed picture is necessary to
tidal
the short term variations in drogue movements due to the effects of
currents,

large scale eddies,

and local wind fluctuations.

Although the cost of the instrumentation is very inexpensive and manpower
requirements are light, the cost of aircraft charter could become considerable.

RADIOBEACON BUOY
Figure 1
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*w WATERLINE

27'
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/\
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\
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The drogue as it looked
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\
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RADAR TRACKING OF DRIFT DROGUES IN RESTRICTED COASTAL AREAS

Lorne Landry
Environment Canada

Ocean & Aquatic Affairs
Pacific Region Laboratory
Victoria, British Columbia

INTRODUCTION

This technique of determining the surface field of motion in restricted
coastal areas was developed at the Institute of Oceanography, University of

British Columbia

(IOUBC) by Mr.

J. Buckley and Dr.

S. Pond and has subsequently

been turned over to the Coastal Zone Oceanography Group, Ocean and Aquatic

Affairs, Pacific Region.

Two studies have since been undertaken by the group.

As yet data reduction and analysis have not yet quite reached the final stages,
although the software now exists at IOUBC.

The intent of this tracking system is twofold:

(I)

To produce a time

lapse movie to enable an immediate visual inspection of the surface water move

ments and (2)

To obtain a series of still photographs which can be easily

digitized and subsequently used to produce current roses, velocity vs. time
traces, local estimates and divergence, etc. as well as a "cleaned up" movie
of a CRT* displaying only digitized drogue positions, a digitized coastline,
and various forcing functions such as wind speed and direction,

tidal height,

and river flow if applicable.
Although this technique as presently developed is not directly applicable

to ranges of more than three miles radius the data reduction and analysis in
volved is applicable to most methods of remote tracking of instruments in
coastal waters.

*Cathode Ray Tube
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INSTRUMENTATION
THE RADAR SE];
The set used was a standard Decca model RM 916

($5200) with a 6 foot

scanner and a CRT of 7.5 inches effective diameter operating on a 3 n m
scale having a 0.5 n m

range

ring interval and using the long pulse length (0.75 us).

The power

input was 115 V.a.c. with a 250 W.

32 V.d.c.

supply for the transceiver and display units and a 110 V.d.c.

for the turning unit.

*

rectifier unit used to provide a
supply

See the attachment for a more complete list of general

specifications.

It should be noted that the use of radar for tracking is somewhat weather

L

dependent in that the quality of the image displayed is affected by the presence
of rain and sea clutter.

However,

since the camera shutter remained open for

six sweeps of the scanner a drogue return signal appears darker than light
clutter which shows as a very large number of small echoes whose positions are
random from scan to scan.

However.

heavy clutter can completely obliterate

the screen and make the picture unuseable.

Decca states the range discrimination as 10 m
scale.

Although no tests have been done,

on the 0.5 n m

range

the overall range resolution including

radar error, optics errors, and digitizing errors is probably in the order of
£30 m

on the 3 n m

scale.

Thus,

in a one knot current with two pictures

taken 10 minutes apart during which time a drogue would travel about 300 m ,
the velocity would be in error by :10%.

111E gsMERAS
The still pictures were taken with a motorized Hasselblad model 500 EL/M
with a 70 frame back and a Zeiss Planar
f=lm to enable close-up focusing.

The movie was

1:3.5 f=100 mm lens fitted with a Proxar

($2,000).

takenwith a Super 8 Nizo model 800 ($750) which has a built-

in intervalometer and an automatic aperture.

7':

l nanometre = 10

-9

metre

The lens was open at all times

%
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except during film advance which occurred every 12 seconds.

Thus, when viewed

at the normal speed of 18 frames per second, one hour of real time is seen
every 17 seconds.

THE DBQGUES (See Figure 3)

The drogues each consisted of a 9" x 9" fluorescent orange aluminum radar
reflector drilled to reduce wind

long by one inch in diameter.

dragmounted atop an aluminum pipe mast 5 feet

Strapped to this mast was a white light which

flashed about 30 times per minute.

The pipe extended through a one foot

diameter plastic float to a depth of one metre.

Clipped to the ball and the

bottom of the pipe was a blind of woven polyethelene threads covered in plastic
10 feet long by one metre deep which was fastened to a 1" diameter concrete
reinforcing rod acting as a weight with a 2" x 2" wooden pole for a float.
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DATA REDUCTION AND ANALYSIS
DIGITIZATION

All points appearing as drogues on the negatives were digitized using

a "trilateral reader" designed and built at the Pacific Biological Station in
Nanaimo, B.C.

This reader consisted of a Leitz Wetzlar Universal type projector,

adapted slightly to accept 70 mm film strips, mounted on a rigid frame with an
opaque screen on the opposite end.

At each top corner of the screen is a

potentiometer with a spring loaded drum around which a string is wrapped

both

strings are attached to a cursor which can be moved anywhere on the screen.

The cursor is thus found by trilateration, the cursor and the two potentiometer
drums being the apices of a triangle.

These have shown the error (including

that of the operator) between two points to be about 11%.

The paper tape output from the digitizing process thus contains for each
photograph:
a drogue,

a digitized trilaterated coordinate for all points appearing as

the radar site, and two reference points;

picture number, time,

identification of roll and

and date; a digitized coastline.

DROGUE IDENTIFICATION

The paper tape output from the digitizing process is put onto a 9 track

800 BPI magnetic tape which is then run through a program on the U.B.C.* IBM
370 computer which converts the trilaterated coordinates to rectangular ones

and puts them in a format compatable with the PDP lZ computer where the information is then displayed on a cathode ray tube.
On the PDP-lZ computer with the use of the prints and the log sheets kept
in the field each digitized point on every photograph is assigned its proper
dI Ogue number or identified as an unwanted point (log, boat, etc.) and removed.
This information is stored on a disc which is then used to generate a 9 track

800 BPI magnetic tape which is run through a Program on the IBM 370 C°mPUter
which removes unwanted points and sorts and assembles float track records.
M

*University of British Columbia

This

new edited data file

thus contains

each record which consists of one float

track identified with times and rectangular coordinates for every drogue
position along the track.

DATA VERIFICATION

Tracks of each drogue are interpolated (cubic spline interpolation with
error allowed at each data point) to one minute intervals and displayed in

(1)
two ways for data verification whereby errors can be easily identified:
All data points at each particular time (i.e. every minute) are collected and

displayed at a desired rate to present a "movie" on the cathode ray tube.
(2)

Positions, velocities,

and accelerations are displayed on a 6-channel

analog brush recorder.

FINAL PRESENTATION AND ANALYSIS

A final movie is generated on the cathode ray tube from the PDP lZ

computer and is filmed using the computer's relays.

As well as the digitized

coastline and drogue tracks, various forcing functions such as a vector of

wind speed and direction, tidal height, river flow etc. may be displayed.
A more useable form than the visual presentation and cursory inspection
is achieved in the transformation from Langrangian to Eulerian flow coor-

dinates.
mile x

Velocity data points are collected in small boxes (e.g. % mile x %
20minutes long) and velocities within the box are averaged to get a

single current vector, assuming that at least one drogue was in the box during
the time period.

Further reduction would probably be dictated by the purposes for which the

analysis is to be carried out.

Some options could include the production of

current roses, velocity vs time traces, divergence

(either Langrangian or

Eulerian) or a search for relations between the forcing functions and currents
for time lags,

lateral entrainments etc.
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CONCLUSION

Although the radar tracking system as used is only applicable for short
range large scale studies there are more expensive possibilities of extendin
g the
range somewhat with the use of a higher power output radar and transpo
nders
such as are available from Motorola.

However,

the techniques of data reduction

are applicable to any system of tracking of drogues and other drifting instru-

ments that can be reduced to a series of digitized coordinates.
The cost of the field system with a large number of drogues is less
than
$15,000.

Although the field work involved is manpower intensive,

the data

reduction can be quickly carried out by one person using easily available
presently existing software and hardware.

SUMMARY OF DATA REDUCTION

I edit & splice movie filn
Prints of still negatives
on 3M micro film printer

digitize negatives on trilateral
Output on paper tape
reader
translate paper tape to 9 track
800 BPI magnetic tape for IBM
370 which converts co ordinates
and puts in format compatable
with PDP lZ
digitized points & coastline
displayed on PDP-lZ CRT and points
information
identified & edited
put on disc

9 track tape written from disc &
run on 370 for editing, sorting,
assembling float track records

tracks interpolated to 1 minute
intervals
interpolated tracks displayed on
CRT and 6 channel analog brush
recorder for final editing

final movie generated & filmed
also may show various
forcing
functions
velocity data points collected &
averaged within boxes to give a
single vector for each over a
given time period

current roses, velocity vs. time
traces, relations with force
functions, divergence etc. as
desired

FINAL ANALYSIS
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GENERAL SPECIFICATION
RADARS TYPE RM 914 AND RM 916
FREQUENCY BAND:

9415MH2 to 9475MH2
(X band, wavelength approximately 3.2cm)

AERIAL SYSTEM

Type:

End fed slotted waveguide array.
Horizontal.

Polarisation:
Rotation:

Continuous 28 rev/min in relative wind
speeds of up to 100 knots.

RADAR TYPE RM914
Nominal aperture:
Turning circle:
Horizontal beamwidth at -3dB points:
Vertical beamwidth at 3dB points:
Sidelobes (relative to main beam)
within :10 :

outside thO:

Gain (relative to an isotropic

RADAR TYPE RM916

4 ft. (120 cm)
52 in. (132 cm)
1.30
20

6 ft. (180 cm)
75 in. (191 cm)
l.go
20

23dB

25dB

radiator):+28dB

+30dB

30dB

32dB

TRANSMITTER

Peak power:
Pulse generator:

3kw nominal.
Solid state pulse forming network driving
a magnetron .

P.R.F., pulse length (P.L.) and
mean power:

P.R.F. (pulses
per second)
3400
1700
850

Second and third trace echoes:

P.L.

(Micro seconds)
0.05
0.25
0.75

Mean power

(Watts)
0.5
1.3
2.0

The interpulse interval is varied sinusoid
ally up to 30 micro-seconds (2.5 miles )
50 times per second to break up false
echoes.

RECEIVER
Characteristic:
Noise factor:
I.F.:

I.F. bandwidth:
Tuning:

Tuning indicator:

Local oscillator:

Logarithmic with balanced mixer.
lOdB nominal.

6OMHz .
l8MHz with 0.05us pulse length.

length.
6MHz with 0.25us and 0.75ps pulse
w.
Manual acquisition with automatic follo

Magic eye i.f. indication.
Solid state.

DISPLAY

Cathode ray tube
Diameter:

Effective diameter:

Illumination:

Bearing accuracy:
Heading marker accuracy:
Range discrimination:

Minimum range:

9 in. (23 cm)
7.5 in. (19 cm) or 11.25 in.
optional magnifier.

(28 cm) with

The azimuth scale and display controls'
illumination can be varied separately.
Better than 10.
Within % .
lO yd (19m) on the 0.5 n.m.

with 10m

range scale

targets.

15 yd (15m) on lOm target with 0.05us
pulse length, waveguide run of less than
15 ft (5 m) and aerial height of 15 ft (5m).
Range scale

Range scales,
range ring intervals

Ring interval

(n.m.)

(n.m.)

0.25
0.5
0.75
1.5
3
6
12
24
48

0.05
0.25
0.25
0.25
0.5
1
2
4
8

and pulse lengths:

a
b
c
d
e
f
g
h
j

Pulse length

(us)

Long

0.25
0.25
0.25
0.75
0.75
0.75
0.75
0.75

Short

0.05
0.05
0.05
0.05
0.25
0.25
0.25

(Statute mile and metric (km) conversion
kits are available.)

Range ring accuracy:

Within 1&2 of the maximum of the range
scale in use or 75 yd (70m), whichever
is the greater.

Variable range marker:
Measurements:

Accuracy:

Optional fitting.
Continuous 25 yd to 48 miles in increments

of 1/100th of a mile to 10 miles range and
l/lOth of a mile above this range.
Within 1%2 of the maximum of the range
scale in use or 75 yd (70m), whichever
is the greater.

PERFORMANCE MONITOR:
Transceiver monitor:
Power monitor:

Accuracy:

POWER SUPPLIES
Mains input, limits of
variation and maximum
power consumption:

Optional.
A frequency swept cavity provides for an
overall performance indication.
A meter on the display provides a
continuous indication of r.f. power output.
A drop of less than 10dB in overall
performance or r.f. power output is readily
discernible.
Input
24V
32V
110V
220V
115V
230V
38GV

Variation
d.ct
20.6V to 32.4V
d.c.
27.8V to 48V
d.c.
£102
20%
d.c.
£102
20%
1d & 3¢ a.c.
iIOZ
l¢ & 3d a.c.
i102
440V 3¢ a.c.
i102

POWer
consumption
230W
230w
270W
288W
255W
255W
255w

The line to-line voltage is used with

3d a.c. Supplies.
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DISCUSSION

EATON:

What sort of synthesis and resoluti
on do you think you can obtain from
the radar synthesis photographs?

LANDRY:

We didn't do any tests so we accepted Dr.
Steve Pond's figure of

i30 metres,

below the 3-mile limit.

MORTIMER:

Are the underwater projected areas of the
drogues of the order of
50 to 100 times that of the pole and refle
ctor?

LANDRY:

Yes, the drogue was ten feet long by one metre
deep. Only an aluminum
pipe with a 9" x 9" radar reflector projects straig
ht from the top of the
float.

WILSON:

Such an activity is good to see where you can, in
effect, locate the
position by aircraft.
The aircraft's position was in fact assumed to be that

of the buoy, by optical sighting.

Why, then, are the accuracies fairly low?

LANDRY:

These are due to positioning by DECCA, which has a $300 metre accurac
y
in the particular part of the pattern used. The position of the
aircraft in
relation to the buoy was of course much more precise since once the buoy
was

sighted visually,

WILSON:

it was easy to fly directly over it.

Yes, but basically you have been correlating your sighting by photo-

graphy as well as the position of the aircraft.

LANDRY:

No, they only needed to fly over the top of the drogue; that is if

they could see it, and I have explained the method used to "home in" to within
the range of visibility.
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Fig. 1. Evolution of drogue designs. Dates given indicate first use of the
Citations
design, when known, otherwise they represent the date of publication.
citations
c
for the designs are given in text. A complete list of bibliographi
for all designs represented in this figure can be found in Monahan and Monahan

(in prep.).

"Trends in Drogue Design" by Edward C. Monahan and Elizabeth A. Monahan,
Limnology and Oceanography, Vol. 18, No. 6, November 1973, pp. 981-985
(Reproduced by kind permission of the publishers)
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EFFECTIVE DESIGN OF LARGE DROGUES:
EXPERIENCE WITH DIFFERENTIAL OMEGA BUOYS IN THE GREAT
LAKES*

CHAPTER 6
Edward C. Monahan
Marine Biological Laboratory
Woods Hole, Massachusetts

We began our drogue work in the Great Lakes in 1970 in Grand Travers
e
Bay of Lake Michigan, using "Vee" drogues suspended from simple flag
buoys.
The preliminary results of that study, along with data on tow tank
tests of
individual drogues and buoys, and a discussion of a graphic
al technique for
correcting drogue buoy pair trajectory deduced velocities
for the effect of
surface currents on the buoy (thus obtaining the true current
velocities at
the depth of the drogue), are contained in Monahan, Kaye,
and Michelena (1973).

A thorough historical review of all drogue designs used over the past
400
years was undertaken,
1973a

and resulted in two publications: Monahan and Monahan,

(includes 110 drogue designs);

and Monahan and Monahan,

1973b.

The
evolution of drogue designs is illustrated in Figure l, reproduced from
the

latter paper.

This led us to recognize the desirability of using the largest
drogues feasible in each study. The attractiveness of the "window shade" or

"sail" drogue design was confirmed by additional tow tank testing (Monahan and
Allender, 1973).

Our use of a 600 ft2 sail drogue in Lake Huron while working from the 65
foot NOAA R/V SHENEHON during the summer of 1973 (Figure 2) represents the
logical extension of this development.

Early in 1974 we successfully launched

the 1,800 ft2 sail drogue shown in Figure 3 (previously unpublished), but
that was done in the Windward Passage, and involved the use of the 240 foot
R/V KNORR of the Woods Hole Oceanographic Institution.

*Absent from workShOp.

Manuscript forwarded by Author to Secretariat for

inclusion in the Proceedings.

coas

in a study of the Lake Michigan
Our present application of drogues is
ago, Illinois.
twise currents in the vicinity of Chic
igan Sea Grant Program, Dr.
With the support of the University of Mich

y Rand Space Support Division at the
Eduardo D. Michelena (now of the Sperr

Facility, Bay St. Louis 39520, but
National Data Buoy Center, Mississippi Test
years on the development of a
formerly with our group) worked for several

iated shore system) that would
small Omega retransmission buoy (and the assoc

the differential Omega technique,
make it possible, by using a variation of
Great Lakes to within several
to position drifting drogue buoy pairs on the

ral
The results of his effort are detailed in his docto
Ann Arbor in January of this
dissertion which he successfully presented at
rsity Microfilms).
year (and which will shortly be available via Unive

hundred metres.

retransmission buoy system
We were never able to get an operational Omega
This was in part due to the incompleteness
functioning on the Great Lakes.

the world. Nevertheand unreliability of the Omega transmitter network around
tests with Omega buoys
less, our various tests ashore, and preliminary field

once the Omega transmitter
in the water (0f Grand TraVerse BaY),convince us that

network is complete,

a system such as that developed by Dr. Michelena is

feasible for the purpose stated.

community
As an aside in concluding, we wish to remind the Great Lakes
measurement
of researchers of the complementary Lagrangian technique of current
that involves the use of drift cards or drift bottles.
(Monahan, Hawkins,

and Monahan,

In a recent report

1974) we have set out the procedures whereby

results.
we feel that this ancient technique can be used to obtain meaningful
Mr. Philip C. Pilgrim and Prof. John H. Holland (Dept. of Computer and
Communications Sciences, University of Michigan) have joined us
development.

in this
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PROBLEMS OF DROGUES IN VERY SHALLOW WATERS

CHAPTER 7
G. K. Rodgers
Canada Centre for Inland Waters
Burlington, Ontario

A brief review was presented of the tracking of drogues in the Great Lakes
with emphasis on studies in nearshore areas.

This synopsis covered the earliest

experiments from 1959-1960 up to the present and outlined areas for further
research and development.

Initially,

traditional survey methods were used to position the buoys,

which were equipped with radiosonde transmitters up to a range of three to

four miles offshore by shorefront radiolocation stations.

relatively successful.

These studies were

The use of aircraft tracking of drogues during daytime

over 5-hour intervals was also employed in addition to obtaining charts of the

nearshore turbidity features.

It should be noted that the hazard of grounding

of drogues in shallow waters implies the need for expendability of drogues.
Less successful, however, has been the use of deduced reckoning in positioning
of both drifting and anchored reference standard drogues used both in shallow
and in deep waters.

The convergence behaviour of drogue
Dr. Raj Murthy, has been observed.

clusters referred to earlier by

The maximum spread of a fleet of ten drogues

over several hours has been found to be 500 metres.

The centroid of a dye

patch shows similar correlation under the same conditions.

ence of storms may well change the behaviour.

However, the incid

A drift of 5 km/day with the

large inertial component superimposed, is usually observed for such a drogue
cluster.

The environmental instrumentation provided for the drogues usually comprises
temperature measurement for the water surface and at various depths in addition

is the wind
The major factor influencing drogue behaviour
2
ft. cross sectional area. In
drift; especially for small drogues of 30-40
ioning techniques and the
addition the necessity for accurate relative posit
to current meters.

a cluster becomes of prime importance.
identification of individual drogues within

DISCUSSION

MORTIMER:
RODGERS:

What use would a current record be on a drifting drogue?
That is only a worry when you have the problem of ensuring that the

current and the drogue are going in the same direction.
MORTIMER:

POPPE:

So you would be anticipating a zero signal?

The other possibility is that you could be observing differential

current when you have a deep set drogue, where the actual vane is some distance
down.

MURTHY:

Early, I think, in the volumes "The Sea", Knauss wrote a short

article on The Design of Drogues.

In his footnote he mentioned that quite often

people do not recognize the importance of the depth of the drogue, since it is
an aspect which is often ignored.

EATON:

I would just like to mention the traditional way of locating a drogue

by getting some type of a report where it washed ashore.
EATON:

Can you say whether you want to measure instantaneous velocity or do

you just

want to know where it is at one hour and then one hour or so later?

RODGERS:

Well, that depends somewhat on the objectives of the study.

If it

is a question of finding out where it goes over a period of a week or two, I
suspect our major problem will be just trying to make sure that the inertial
motion does not last.

The latter has a 17-hour period so the location should

be verified twice every two hours.

If one is seeking convergence information

and the like, that requirement may be too lax.

"
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EATON:

want both cases
So, for a system for any general application you would

available?

RODGERS:

Yes, that is true.

I do not know,

but I think that second requirement

should be assessed.

the inertial
In the open waters of the Great Lakes in the summer,
You would want to
motion which you see is almost the only feature evident.

MORTIMER:

follow that.
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REVIEW OF NEUTRALLY BUOYANT FLOATS USED IN DEEP
OCEAN
WORK WITH SONIC TECHNIQUES

CHAPTER 8
D. Webb
Woods Hole Oceanographic Institution
Woods Hole, Massachusetts

TECHNIQUE

The use of acoustic methods for tracking, positioning and interro
gating
ocean drogues was discussed in this presentation.
any depth, preferably in deep water.

The method can be used at

It was stressed that the importance of

program management is essential at all stages of the operation;
from personnel
training to data collection and processing.
EQUIPMENT AND OPERATIONAL ASPECTS

Three general types of neutral buoyancy floats were described for ocean
use.

No major problems arise from internal data recording or telemetering

these data on the same acoustic plane; ship tracking and interrogation of

buoys can be used,

for a signal range of up to 0.5 km , of the pressure,

temperature and current meter instrumentation.

Position accuracy in ship

tracking depends on that obtainable for the ship itself.

In Webb's hydrographic

survey of water density, the buoys are adjustable for flotation at any given

density surface.

By observing their motion, vertical currents can be accurately

gauged to within :70 metres depth.

For long range tracking of buoys, Webb used six shore-based stations to
simultaneouSly pOSition up to 200 drogues at a range of 1,500 km

or greater

with a relative accuracy of j?00 metres; absolute accuracy being ii km,

These

drogues, with an expected operational endurance of 18 months, were launched

in the Atlantic Ocean in April 1973 and observations are expected to continue

into 1975.

fixes
Variable frequency transmission was used and positioning

.
were made every four hours, to plot drogue trajectories

Costs are about

$5,000 for each drogue.
CONCLUSIONS

actorily
These drogues, employing the acoustic technique, operated satisf
applicable
under ice and in deep water, but the sonic method may not be readily

ence.
to the Great Lakes with shallow water and both surface and lakebed interfer
in addition
Consequently, signal interpretation may be obscured by these factors
to thermocline (i.e. water density) aberrations.
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DISCUSSION

MORTIMER:

One point was mentioned briefly here, that acoustic techniques do
provide a three dimensional capability with neutrally buoyant floats. The
drogues about which we were talking have the major and inescapa
ble defect that
they do not measure vertical motion.
In fact, they are measuring a kind of

integrated, horizontal motion, and the vertical motions are completely
lost.
That is the first point.

WEBB:

The floats will work quite well under ice and will operate in deep water

at depths where you would not care to immerse a drogue.

MORTIMER:

Can they be ballasted to float in something like 10 or 20 metres of

water or otherwise be adapted?

WEBB:

Yes,

they can be ballasted to remain on a density surface.

As long

as we say "on a certain density surface", then they can be.

MORTTMER:

Well, that is just what is not wanted.

We would normally require

the drifters to be above or below the thermocline.

PALMER:

For sonic tracking one could use a device like a commercial hydrophone

to receive the signal that was about half the range.
WEBB:

Yes, the shipboard is.

different.

PALMER:

Each of the three cases I have shown you is

The long range tracking is done from fixed land base stations.

Radio stations?

Are these antennae?
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No, these are underwater hydrophones.

WEBB:

The sound travels 1,000 km.

through the water and is received.
Are special positioning methods utilized?

PALMER:

been
No, they are exactly the same as the radio techniques that have

WEBB:

described here:
EATON:

range range and hyperbolic.

To use range range, do you have an oscillator?

tor) of reasYes, we carry a TCXO (Temperature Compensated Crystal Oscilla
more slowly than radio waves.
onable stability, remembering that sound travels much

WEBB;

Every week or so when conditions are quiet, we obtain a fix from three or
This permits us to maintain a plot of the offset of the
more stations.
oscillator.

In the interim, two stations are adequate.

It works nicely as long as the data processing system is ready to handle
all these signals.

The signals received are digitized and recorded at these

rather far flung receiving sites and the results flown back regularly for
The field work is followed with a delay of around seven days.

analysis.
PALMER:

WEBB:

With the Sonar technique how shallow can you operate with the instruments?

That technique has a limited depth range.

We consider it practical.

POLYMODE we are planning to work at 700 metres and 2,000 metres.

At

Above 700

metres it becomes increasingly difficult and I think we would never use it
above 400 or 500 metres.

We cannot go below 3,000 metres,

that is in the

Atlantic Ocean.

PALMER:

So 400 metres is an upper limit as far as the acoustic technique is

concerned?
WEBB:

My reason is that I would like to compare the analyses

before 1974-

Yes, in fact some of the early instruments we lent to Dr. Richardson

(NOAA Data Buoy Center) to make that kind of comparison, had a neutrally buoyant

device at the same depth.

CUTCHIN:

There is one more dimension to the acoustic tracking area.
It applies
to the Great Lakes and certainly it will not apply so easily
to the oceans.

With a very inexpensive depth finder,

a hanger, you can locate not exactly

your position on the basis of some sort of recognizable
topography, but you

can add another coordinate to it.

If you have something that gives you

approximate position, you are also transmitting fairly
closely to the exact
depth from a local bathymetric chart and can interpolate.
Use what information

you have and have another source too.
amount of error considerably.

This would probably reduce the total

In the case of the oceans there may he places
where you can use it but it would be fractionally speaking, the
depth variations
being so very small compared with the Great Lakes.
WEBB:

The bathymetric charts are inadequate for finding position.

MORTIMER:

Do you investigate microstructure on descending?

This is something

that Charles Cox has been investigating at the Scripps Institute of Oceanogr
aphy.

WEBB:

_Not in general.

We do carry out studies of that sort but our developments

in the past few years have been in the long range signalling for MODEilike
experiments of long time apertures for analysis.
POLYMODE,

however,

It is our intention at

to recommend controlling the depth of floats and to telemeter

temperature from all floats.

WATSON:

In describing your last buoy you mentioned that most of the weight

of the long range model was due to the batteries.

I feel it is a limiting

Q

factor and one fundamental to this exercise.

:

a firm that manufactured carbon batteries for railway use.

Several years ago I contacted
They could be used

at 40° to 500 F. below zero and in remote locations and when once filled, would

last for a whole winter.

I wonder whether that type of firm has provided any

ideas to aid this type of program?

WEBB:

Well, two quick facts about batteries.

It is my experience that, up

until five years ago, anyone in this business had to be very alert about what
could be obtained from power sources because they were rapidly becoming the
limiting feature in most ocean instrumentation.
*

.
Midocean Dynamics Experiment

L

d

The development of the COSMOS electronics has released us.

This use is

the door widely.
for signal processing, not for transmission and it has opened

Now there is no real power problem at all.

i

We have observed very carefully

all the developments in power sources, but it turns out that, in each case, a
comparatively simple minded and oldfashioned electrochemical couple is the
one to use.

Somebody with a big production line who makes them is the best

group to deal with.
of power,

But,

for some instruments which use only a small amount

you can afford an exotic cell.

Here, where we are carrying 7% kilowatt

hours of energy in each of those big floats, we use less exotic sources:

it

is easier to pay for the flotation.
I can amplify on that.

KERUT:
life,

Using alkaline cells we are able to get a year's

that is for the Buoy Transmit Terminal to the satellite, where it is

activated for one second every minute.

In your experience, do you think it would be possible to take trans-

PALMER:

missions received at several different fixing stations (on a hydrophone)?

Would it be possible to sort out signal reflections in a nearshore area
by working them against each other and treating them, such that you would
obtain a constant signal?

WEBB:

Yes, up to a point I think it would be.

PALMER:

Has anybody tried that?

MORTIMER:

3

What would the signal look like?

It would involve pulse technology and processing the first echo

arrival, wouldn't it?
WEBB:

It might do that.

My colleagues are involved in this work, which is

very relevant to sound transmission and is important in detecting submarines.

In our own work we know that the sound is coming quite clearly down the sound
channel but, as it approaches our land based hydrophones,

it starts to

intercept the bottom and we get both the bottom and surface reflections.

PALMER:

WEBB:

Can you differentiate between these?
Yes,

to a degree you can.

The surface reflections actually sort
out
very well because of the Doppler Shift
due to the motion of the surface and

you can get a measure of the surface rough
ness if you inspect them carefully.
PALMER:

You can filter that out electronically or
visually?

WEBB:

Again, it depends on each signalling syste
m and how long, what spectral
aperture you have and whether you can
resolve those parts shifted outside

by Doppler effects.
PALMER:

What about the bottom?

WEBB:

It does not cause us a lot of trouble.
you a very adequate answer.
MORTIMER:

WEBB:

I'm sorry that I am not giving

Have you any remarks on Mr. Striffler's work?

Yes, we had a contract at Woods Hole Oceanographic Instit
ute for a radio

trackable buoy.

The work began a number of years ago.

It was intended to

transmit in the high frequency band with a modulated carrier
wave to assist in

the problem of lane resolution.

The problem we faced is that the chief engineer,
Striffler, had left the Oceanographic Institute before the work
was really
technically mature and, at the moment, we don't have any plans to
carry that
further forward.
The report of that work is in the final stages of preparation.
QUESTION:

One comment on the work that Dr. Richardson was doing in the
Gulf

of Maine this Fall (1974).

Didn't he have problems with vertical stability?

He couldn't get the float to stay at one depth for it would either sink to

the bottom or surface.

least in this system.
body?

It was apparently a problem of density gradient; at

Would there be a similar problem in a fresh water

WEBB:

I don't know his problems.

The floats should stabilize even in neutrally

stable water.

KERUT:

there and decided to
We had a problem with that so we finally gave up

a.
continue the work off the East Coast of Florid

MORTIMER:

But

n float
the float buoyancy depends on the difference betwee

and not at all on the
compressibility and water compressibility, doesn't it,

density gradient?

WEBB:

Of course,

density gradient.

on the
the restoring force is the buoyancy force and depends
But,

even if the water is neutrally stable,

a density gradient that the float will sit on.
of that kind.

EATON:

We have observed subtle

there is still

We do have some problems but not

things like creep in the housings.

oning problem.
Can I return to acoustics and the shallow water positi

the first arrival
Why can you not do as Dr. Mortimer suggested and just take

of a pulse?

WEBB:

I cannot think of any reason why not.

My concern would be mostly whether

number of reflections;
the signal would get through without an unacceptably large
each reflection being a loss.

FEASIBILITY OF TRACKING DRIFTING BUOY
S IN CANADIAN WATERS*

CHAPTER 9
P. Wilson
Computing Devices Company
Ottawa, Ontario

INTRODUCTION

Computing Devices Company,

Ottawa - ComDev Marine Division

was contracted

in March 1974 by Environment Canada's Ocean and Aquat
ic Affairs Directorate,

Pacific Region, Victoria, B.C.

to undertake an investigation into the feasibility

of tracking drifting buoys in Canadian
Waters.

Specifications of the contract

are pertinent to the requirements of this workshop,
being:
-

-

to track a maximum of 10 drifting buoys simultaneous
ly at a range up

to 100 miles offshore with an accuracy of il mile;
the buoy, together with its sensors and electronic radio
equipment,

must be expendable at a cost of less than $1,000
yet with a minimum

operational lifetime of 10 days;

-

the central control station, costing less than $100,0
00, should be
able to position and interrogate each buoy every one to
two hours.

The report included contributions from:
-

American Electronics Laboratories Inc.

-

Applied Physics Laboratory, University of Washington

-

'Beukers Laboratories, Inc.

-

Communications Research Centre

-

NSA, Goodard Space Flight Center

-

National Research Council of Canada

-

NOAA, National Data Buoy Center

-

Satellite Positioning Corporation

-

Westinghouse Electric Corporation, Georesearch Laboratory.

*We are indebted to Dr. J. Garrett, Pacific Region Laboratory, for granting

permission to cite this contractor's report, "An Investigation into the
Feasibility of Tracking Drifting Buoys in Canadian Waters , March 1974, in
these Proceedings.

¥_ _ _ _ _ _ _ _ _ _ _ _ _

OPERATIONAL POSITIONING CONTROL SYSTEMS
Drawing on material in the study report,

the author reviewed the

systems and related
applicability of existing navigation and communication
were reviewed:
data examination and handling processes. The following
Beukers Laboratories Inc.

LO-CATE System

DECCA Survey Limited

DECCA Tracer System

Satellite Positioning Corp.

The Turner Location

RAMS Buoy Transmit Terminal

- American Electronic Labs.

Omega Position Fixing

Westinghouse Electric Corp.

System OPFS Ol.

Georesearch Lab.
APPLICABILITY TO THE GREAT LAKES BASIN

discussed.
World-wide systems such as Omega and earth satellites were
the Great Lakes;
Loran-C, used in coastal waters, has potential use in

during the
being a "dedicated" system for a given area - eg. on Lake Erie
(1972)

IFYGL (International Field Year on the Great Lakes)

studies.

Both

network for
DECCA and Omega are considered contending systems for a single
a lake into
basin coverage. Also noted was the alternative of dividing
systems for 40-60
smaller portions and using HI FIX or RADIST short-range
expendable buoys.
mile distances, but high unit costs rule these out for

iA description followed for the MULTITRACKER for continuous identif
s with a central
cation and tracking of up to 30 objects employing 10 station

control and graphical display centre.

Best suited for short range, a

sensor data via
$5,000-$6,000 Transponder on the remote drogue transmits

UHF

(Ultra High Frequency) or VHF (Very High Frequency)

side band equipment.

navigational
The DECCA Tracer System, in the same category, uses a small
r and transmits, as
aid system such as RADIST or HI FIX with an echo receive

before, On a UHF single side band.

The signal is received from the naviga-

tional system echo in the 450 470 MHz frequency range and converted without
phase distortion to 2kHz. The shore facility receives this transmission

i____.L

and provides an X-Y recorded, graphical, displ
ay. Although used for tidal
and other studies in Europe (the Mediterran
ean Sea) and in the United
Kingdom (the Bristol Channel), the buoy elect
ronics cost of $10,000 $12,000
renders it non-expendable.

Successful use of the Navy Navigation Satellite
System (NNSS) and com

munications satellites was discussed.

NIMBUS-F, not yet launched, requires

a costly Random Access and Measurement System (RAMS)
for buoy location and
interrogation; with a position accuracy of 15
miles.

Since coverage of the

Great Lakes region is not adequate, depending on
the frequency of its
availability overhead, it was not recommended for
this project.

FUTURE DEVELOPMENTS

Low frequency (LF) Loran C and very low frequency (VLF) Omega systems
,
used differentially, seem most promising with a relative positio
ning accuracy

of 500-700 metres.

Development of differential Omega may reduce this to

300 m. The Loran-C network extends to the lower Great Lakes at present.
The author referred to the Beukers Laboratories, Inc., LOCATE (LORAN/OMEGA

COURSE AND TRACK EQUIPMENT) system as suited to the expendable buoy require
ments.

Periodicity ambiguities of the Omega signal were noted but resolution

was thought adequate for Great Lakes studies.

Brief reference was made also to improving the DECCA system, using

fOur stations and differential use to provide a more distinct hyperbolic
grid intersection for a position fix accuracy of about 22 miles,

cross

country. With additional electronic sophistication, long range positioning

can be extended to observe one half of a lake without sacrificing accuracy.

DISCUSSION

QUESTION:

Would you elaborate on the comments you made
regarding the substance

for managing Great Lakes radio navig
ation and communications coverage in
the

context of a global plan?

WILSON:

I am quoting them from the book and I stand to
be corrected.

The

information that I have is due to an inves
tigation last spring (1974), when in
fact the satellite was due off in June.
It would not have a global capability
owing to an obstruction due to its nature
and by timeand coverage.
As a
Government Research Entity it is not open
to anybody to buy time in the system.
Therefore, it is not necessarily something
to rely on when you wish to conduct

studies.

I am in no way decrying the NIMBUS F as a Progra
m, instead, I am looking
at its adaptation to this specific problem in the
Great Lakes.
COMMENT:

In the Great Lakes Region, you would get an opportunity
at the south
satellite five or six times a day.
The accuracy would be 3-5 km. but the time

scale is questionable.
WILSON:

Yes,

the limitation is due to time permitted to use the frequency
and

share it with all the other needs of the United States Military.

COMMENT:

Then, of course, the big push was the GATE (GARP Atlantic Tropica
l
Experiment) program and its expected hundreds of messages on the air. Now that

this period has passed it is likely that more investigators would be welcomed
into the system.

WILSON:

I guess really that the accuracy aspect is one drawback.

It may be a very viable system at this time considering cost.

COMMENT:

I
My question concerns lane and cycle identification of Omega.
wonder if receiving three frequencies necessarily gives you cycle identification? They must give accurate phase measurement in order to make this
EATON:

cycle identification.

If they are noisy in any way then you won't be able

to determine the correct lane.

No, I suppose I was trying to illustrate that the use of varying

WILSON:

frequency in terms of what appears to be a general,

single means in terms

of circuitry within a package, has these benefits.

I think that this

really is not a problem when you know initially where you are going to drop

them

the family of drogues.

So, you should have at least some starting

point well within what we consider ambiguity with Omega as a system.

EATON:

If you track it once an hour, then you should not have any problem

with cycle identification because the wavelength is very long.
No, you would normally maintain integration, and you wouldn't get

WILSON:

out of step.

WEBB:

Further, if you don't need to know right away, you wait for a quiet

time to resolve the main ambiguity and carry it forward and backward.
BEUKERS:

I would like to comment on your remarks on Omega, since they are

of such interest.

Maybe I can quote the latest status of the stations.

At

the present time we have Hawaii and North Dakota operating at full power.
Norway is operational, but it is at reduced power due to its ground mat
problems which are to be corrected next summer
air for about two weeks then.

the air in April 1975.

in 1975.

(1975).

It will be off the

The Japan station is scheduled to come on

Reunion Island in Argentina is scheduled for later

The Trinidad station delivers l kilowatt.

Liberia and is also scheduled for completion in 1975.

It will be moved to
At the present time

it looks as though, by the end of 1975 or the first quarter of 1976, all
seven stations other than the one in Australia

the eighth

should be

functioning.

i.I

TRANSMITTING SURFACE DRIFTERS*

CHAPTER 10
Wyman Harrison

Argonne National Laboratory
Argonne, Illinois

INTRODUCTION

The Great Lakes Research Group in Argonne's Energy
and Environmental
Systems Division is embarking on a study of the
transport and dispersion of
energy related pollutants in the uppermost few millim
eters of the water column.
We are particularly interested in the dispersion
of oil slicks, with their
contained trace-metal and halogenated hydrocarbon
pollutants, in nearshore waters.
In order to track such pollutant motion we have
decided to build and evaluate
several models of thin, telemetering surface drifte
rs.
DRIFTER CONSTRUCTION

A given drifter is made by sandwiching a micro transmitter system
between
two plastic sheets, each about 1 mm thick.

The thin.

flexible plastic sheets

are l m in diameter and the transmitter, several flexible batteri
es, and a
spiral antenna are placed between them.
The electronics package, positioned
at the centre of the drifter, is between 5 and 10 mm thick.
Its lifetime is

battery limited and is expected to be of the order of 3 weeks.

Cost of

fabrication is estimated at $75.00 per drifter.

*Paper not presented but forwarded by author to Secretariat after workshop
for inclusion in Proceedings.

RADIO POSITIONING EQUIPMENT

accom
The transmission frequency is about 52 MHz and tracking will be
for
plished by direction finding receivers now being developed at Argonne
this frequency band.
16 channels.

(Thus,

Each receiver will cost about

$1,500 and will receive

16 drifters could be tracked at any one time.)

The

upper limit to the distance for tracking should be abOut 5 km, and the resolution should be about :5 m of the true position, if the direction-finding

receivers are positioned properly for precise triangulation.
FUTURE CONSIDERATIONS
It will be interesting to make comparisons between the transport measured

by such a surface drifter and that measured by a drifter that responds to
transport in the upper metre or so of the water column.
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PRIMARY AREAS OF ACTIVITIES 0F
SEARCH AND RESCUE (SAR) RESEARCH AND
DEVELOPMENT*

CHAPTER 11
John R. Carros
U. S. Coast Guard
Office of Research and Development
Washington, D. C.

Mr.

Carros outlined the appropriate research
and development activities
of the U. S. Coast Guard Search and Rescu
e (SAR) Group.
These notes summarize

the primary areas of activities in Research and
Development which include:
1)

Various detection methods for cooperative and
non-cooperative
distress incidences.

A major effort is the development of a Distr
ess

Alerting and Locating System based on the use of
a cooperative

device capable of emitting a signal for the
purpose of homing/direc
tion finding to the distress incident.
An alternative system consists
of a Loren/Omega retransmitter for remote locat
ion.
Coding is included to enable identity to be associated with
a person or boat
along with the capability to provide for situat
ion coding of the
incident.

Radar and forward-looking infrared (FLIR) techniques are
being
investigated along with target enhancement methods, all to
reduce
the search time in a SAR situation.

2)

Improving communications for safety purposes on the oceans
via
satellite is also being addressed.

An experiment is presently

underway utilizing the NASA ATS 6 satellite in the Atlantic Ocean
between the East Coast and the Azores.
Voice, data, ranging, and
SAR data are being collected during the period from September 1974

through March 1975.

*Paper not presented but received by Secretariat from author after workshop
for inclusion in Proceedings.

The specific equipment of most interest to this workshop is the
Beukers Laboratories Inc. system developed for SAR and presently
being evaluated at the U.
Conn.

S. Coast Guard R & D Center, Groton,

This equipment consists of a Base Station capable of computing

the location of a remote retransmitter (Loran/Omega) or a Translator.

In addition to SAR, the system will be evaluated as a vesseltracking system and a buoy position monitoring system.

(For Discussion see Chapter 13, General Discussion)

I
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APPLICATION OF ELECTRONIC POSITIONING
BY BOAT 0N WATER
MOVEMENT SURVEY IN LARGE AREAS*

CHAPTER 12
A. A. Arajs

Ontario Hydro Commission
Toronto,

Ontario

The drogue tracking by

boat and electronic range range posi
tioning, as
practised by Ontario Hydro on a comp
aratively small area, could be used
as

well on much larger areas extending to 20
km offshore and to an unlimited
distance along the shoreline.

Employing a medium size (30-40 ft) fast movin
g boat, drogue

survey or

tracking of horizontal dispersal movement
by dye or floats could be carried
out at any time as long as the lake is navig
able.
A number of drogues (10-20)
spread out in a 10 20 km wide band could
be tracked at 2 to 3 hour intervals

with sufficient accuracy.
not difficult.

Locating the drogues during the daylight hours
is

However, a short range radar system on the
boat and suitable
radar reflectors on the drogue marker buoys
are very useful when the visibility

is not good (less than 1 km) and in case the movem
ent of drogues is fast or

intervals between fixes are longer.

It is believed,

that with the help of

radar, drogues left in the lake over-night could be
located on the following
morning. Also tracking during the night could be
possible if the drogue
markers were equipped with flashing lights. The advant
ages of this method is
its technical simplicity and very moderate requirements for
personnel and
special equipment.

A team consisting of 3 technicians and working with
one
boat could survey in one day an area extending up to
5 15 km along the shore

line.

If more than one team would work side by side or some distan
ce apart,

a more or less simultaneous lake current pattern could
be recorded over large
areas.

*Paper circulated by author at workshOp but not formally presente
d.

Ontario Hydro has developed an inexpensive in situ temperature recording

system which can be attached to a drogue at a desired depth to obtain a
coincidental water temperature profile.

The system consists of a thermistor

probe and a battery operated analog Rustrak recorder,

housed in a waterproof

aluminum cylinder 22 cm in diameter and 40 cm long; total weight in air is
14 kg, net buoyancy in water

2 kg; recording time 3-4 weeks; cost $1,000.
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Preparation for the survey would include
procuring necessary instruments

and equipment,

selection of transponder locations at
10 to 20 km intervals, and

preparing navigation maps with circular
gridlines (scale 1:25000 could be
quite suitable).

On the attached sheet are listed the requi
red equipment and personnel and
also an approximate cost estimate.

LAKE CURRENT SURVEY
DROGUE TRACKING BY BOAT & ELECTRONIC
POSITIONING
Instruments & Equipment:

a/

Purchases

quantity

Drogues & Spars
Flashing lights
Temperature recorders

Monthly Charge

30
10
10

$ 6,000
3,000
15,000
6,000
$30,000

$ 1,000
200
800
500
$ 2,500

Boat rental (2 shift operation)
1
Range-Range positioning system
1
Other:
vehicles, trailer, small
boats, etc.

(40,000)
(50,000)

$ 7,000
6,000

Misc.

b/

Cost

instruments

Rental

Personnel:

1,000
$14,000

1 Engineer plus 3 technicians per shift
2 shifts - monthly salaries
monthly expenses
Total

$19,000

_5,_oo_o

$24,000

COST ESTIMATE FOR 6 MONTHS SURVEY

Preparation: 1 Eng. + 2 Techn. for 2 months

$ 18,000

Instrument & Equipment purchases

15,000

Instrument & Equipment rental

84,000

Technical Personnel during survey
(incl. expenses)

144,000

Data preparation for presentation

(1 Eng. + 2 Techn.) 2 months

18,000
$279,000

ONTARIO HYDRO
EXPERIENCE IN LAKE CURRENT MEASUREMENTS*
A. A. Arajs

Lake current surveys by drogue tracking have been carried out by Ontario
Hydro in the vicinity of thermal generating stations and selected sites since
1967.

These surveys covered an area of 2 4 km along the shoreline and 1 2 km

offshore and generally were supplementing the current data acquired by the
in-situ current recorders.

Up to 12 drogues were used simultaneously and

tracking was carried out by one or two pairs of transits from shore stations.
Starting in the fall of 1973 drogue tracking has been carried out by
using a range-range electronic positioning system.

The drogue positions are

fixed at intervals from ten minutes to one hour recording the range-range
readings when the survey

boat
with the system's transmitter receiver passed

the drogue within a few metres.

The recorded position of the drogue is

plotted immediately on a map while the boat proceeds to the next drogue.
This map showing concentric line distances from the transponder stations was

used

also for navigation, positioning of instruments, sampling stations and

bathy-thermographic surveys.

In Figures 1 3 are shown some survey results

and a sample "navigation map".
The use of electronic range range

positioning for drogue tracking has many

advantages over the conventional transit-fixing method:
1.

It reduces the number of technicians required for the survey;

2.

More drogues could be used simultaneously;

3.

Visibility problem is greatly reduced and survey is not hindered by
rain,

4.

haze,

sun reflection or even light fog;

Area of coverage can be extended from l-2 km (limits of sight by
transits)

to 30 50 km which is the range limit of the electronic

positioning system;
5.

Loss of drogues is almost eliminated.

*Paper circulated by author at workshop but not formally presented.
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CHAPTER 13

GENERAL DISCUSSION

Part A

Operational Radio Navigatio
n Systems

MORTIMER:

We have a choice now of seve
ral speakers to focus more
on the
dimensions and the scales.
I am also very conscious that
I haven't invited

all those to speak who could cont
ribute.
remarks on what has been said
?
of field testing in this area
.

Mr.

Would anyone like to add extended

Carros for example, has done
a great deal

CARROS:

All the field data collected on
our Loran Omega system is not
available.
We experienced less than five
hundred yard accuracy for tracking
with
Loran C.
Utilizing Loran-C for station keep
ing or buoy position monitoring,

the best we were able to obtain over
a 5 minute integration period was
18 yards,

RMS (root mean square) and the
worst was 73 yards.
This, in part, is due to
the poor geometry in crossing angles near
the Nantucket Loran station,

Using a 3 frequency Omega for location
capability, our accuracies vary

from 390 yards in to our base station
out to a maximum of 600 yards, the

latter resulting from the ll mile radi
o horizon.

With the LO-CATE technique

of Loran OmegarLoran, accuracies were
less than 50 yards.

EATON:

I would be interested if any of the
experts in re-transmission could
give a short capsule account of bandw
idths, frequency spectrum allocations
and
problems with re-transmission.
MORTIMER:

EATON:

Using bands legally available?

Yes, that kind of consideration;
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Would someone like to do that, say Mr. Beukers or Mr. Poppe, or is

MORTIMER:

this information presented in a fairly accessible report?

CARROS:

Yes,

it is.

l have a report on the feasibility of fitting the re

transmission of the 3 frequency Omega to the existing VHF FM (Very High
Frequency - Frequency Modulated) range band system which the Coast Guard has
surrounding the Great Lakes Coast and the feasibility of implementing that into
the normal channel which is a 25 kHz channel.

The limiting element is not

the marine band channel itself but the land lines which interconnect the
transceiver with our control stations.
handle less than 3 kHz;

These are normal telephone lines which

say 2,500 cycles/sec.

(Hz).

This is the real limiting

factor of integrating a re transmitted Omega signal into that type of system.
MORTIMER:
CARROS:

Special data lines won't help you?
Yes, you can get special lines, but then again there is the cost of

implementing such a system and I do have a report on this subject.

We inves-

tigated the feasibility of co-channel operation with re transmission of Loran

and Omega over a waste channel in the same FM marine band and that report is
available.

MORTIMER:

I was struck by Mr. Landry's description of the aeroplane with the

antennae on the wing struts and their simplicity of location with very inexpensive equipment.

CARROS:

I wonder whether the Coast Guard has studied this?

Yes, the Coast Guard has a similar type of system installed operat

ionally on its smaller, H 52, helicopters.

They have two antennae mounted on

the lower part of their ship hull design superstructure and a simple volt

switching "homing" scheme automatically switches from one antenna to the other
in the same manner described by Mr. Landry.
certainly be located.

A simple radio transmitter can

nIiiIIIt
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Part B - Earth Satellite Photographs * and
Implications
MORTIMER:

(Discussing exhibited ERTS photographs displayed*
)
Unfortunately
the ERTS (Earth Remote Tracking Satellite) satellite
has a very low appearance
frequency -~ once every 18 days -- over the Great
Lakes and only "sees" the
lakes in good weather.

From the entire ERTS program this (displays) is
perhaps

the best complete picture of Lake Michigan which we have.
There were several
photographs taken the next day showing slight overlap
when superimposed indicating
that some of these patterns do in fact move.

over the interpretation of this milky water.

A minor controversy is underway
Some claim there is large-scale

production in algae, raising the pH and leading to
calcium carbonate precipitation,

but that has still to be proved.

There are obviously some large-scale motions
here that we haven't really accounted for.
Therefore, the whole basin or large

parts of it require study.

Most of a lake's kinetic energy is within,

say 10 km of the shore, as has

been shown very well by Blanton's work at CCIW (Canada Centre
for Inland Waters).

There is a high chance then that drogues will stay for a fairly long
time in
shore-parallel current systems.

These might be geostrophic currents or wind

driven currents, but basically are shore-parallel constrained by the boundary
.
Therefore the offshore range would be 20-30 km and the long shore range
is
dependent upon the mobility of the receiving station or stations but
it would
be convenient to be able to work between,
be in the order of 200 km.

Also,

say, Milwaukee and Chicago which would

the Great Lakes have good roads and some high

buildings along their shores.
I would like to recall the specifications.

Ours are very similar to those

of Mr. Landry, drawn up by Dr. Garrett in Victoria for the report produced by
Mr. Wilson.

We would like to know the position of 20 buoys with large drogues

made up of window shade drogues, etc.
every hour for several weeks, say up

Twenty of these should be identifiable
to one month or two months.

The positional

information of a group of drogues would also be worthwhile.
Knowledge of whole basin motions is a different problem.

Most government

interest presently centres on the coastal zone because most of the political
action is there.

Also, most of the kinetic energy is found in the coastal zone

and wastes are discharged into it.

So the zone is important from many

points of view, requiring detailed investigation.
*

Reproduced in Frontispiece
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But we are missing an important scale of horizontal dispersal, and this is

We have a problem looking for a technique

the prime reason for this workshop.
for solution.

We have concentrated on methodology rather than oceanography.

We

We in the Lake Dynamics Committee are trying to learn rather quickly.

are arrogant enough to believe that we have identified the problem, but we
don't know exactly how best to solve it, hence this workshop.
Part C - Drogue Deployment Program
MORTIMER:

There are others here who are qualified to address this.

Keith

(Rodgers) would you like to write up your specifications for a buoy system?
Keith has been in this field almost longer than anyone else here,

RODGERS:

We ought, perhaps,

MORTIMER:

I would say.

to define some positioning accuracy specifications.

I think we would settle for rather low positioning accuracy

we can get it within reasonable cost;

provided

and we want the buoys to be "expendable".

The definition of expendable is elastic.

If you are in a university the answer

w0uld be two to three hundred dollars per unit whereas in a government agency
it might be $2,000 $3,000 or more.

In accuracy and expendability there are probably trade offs.

I feel that

somewhere there is an acceptable trade off, and I would like the accuracy in
mid-lake to be within i OO metres.

That would mean that nearer shore you would

perhaps know the position to :100 metres.

BEUKERS:

Have

we addressed this situation of convergence and divergence in

these fields and what the specifications would be for the accuracy?
MURTHY:

Is it necessary to do this?

You are covering almost half the lake

with ranges of up to 20 or 30 km.
CUTCHIN:
Raj Murthy

To be completely fair, there are probably people here - like
with much different specifications.

From the things I've seen

which you showed us, you are probably interested in much smaller scales and
much greater accuracy (say :50 metres).

MURTHY:

But those numbers look a little on
the small side for somebody who

is interested in the whole

BEUKERS:
these

basin circulation.

Can I go back to my question of converge
nce and divergence.

twenty buoys deployed?

MORTIMER:

You would

specialists,

How are

distributethem in a pattern prescribed
by turbulence

depending on the kind of study.

out on a grid with a spacing of 100
metres.

I would be inclined to set them
Now,

if you

had4 x 4 = 16 buoys,

that would mean an initial square of 400 m side,
large enough to minimize the

risk of collision and tangling.

At this spacing, however,

frequency parts of the eddy spectrum
would be missed.

COMMENT:

someof the higher

Dr. Mortimer, after they had drifted for
a while and until they

separated, at what point would you retri
eve them and then consider that they

had diverged?
MORTDMER:

I was hoping that they are expendable.

We then wouldn't have to

bother to pick them up, but naturally one would
try.

A ship would go out

with a location device and retrieve as many
as possible.

But as was pointed

out by Keith Rodgers, I think, working near the shore
some of the buoys are going

to ground and then you will lose the signal
because they will be beneath a
bluff or something.
Some of them will be vandalized by boats, perha
ps even

unwittingly.

Also, people just pull things up to look at them and
some will

destroy them, depending on their mood.

many so they must be expendable.

We are evidently going to lose a great

But we will try to recover them. We may be
able to locate many of them from a single aircraft flight
, so that a ship

could be directed to them.

KEARSE:

May I comment on Messrs. Beukers' and Wilson's views on the manage

ment problem of developing a program like this?

From our own standpoint it

is very important that management be inserted at the right
time.
You have heard a lot of information here today. I'm not sure
group is going to decipher it all.

how your

But it would appear that a potentially
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useful management tool is to have a systems analysis performed by

either the

their industries or someone, to provide

Canadian or United States Governments,

a list of alternatives based on your requirements of the number of systems that
would meet your specifications.
This type of analysis should include the positioning system, how it is
to be coupled with the buoy platform;
ment,

the manpower costs,

the drogue costs,

the receiving equip-

the retrieval and deployment costs, so that you can

examine those approaches and alternatives which will best meet your requirements.

MORTIMER:

I fully agree.

Something of that kind must be done, in fact the

Canadian Oceanographers have already, as we have heard, commissioned a system
study.

The answer in that case was that there is nothing available to meet

the specified requirements without further development.

Nevertheless, I feel

it has been valuable today to examine the possibilities again in the light of

all the experience we could muster.

If we can develop mobile hardware, the

system could be transported from one lake to another, thereby obtaining more
value

fromit than from one big program like IFYGL.

WILSON:
MORTDWEH:

What type of sensor data would you wish transmitted?
Several have been mentioned, e.g. temperature at various depths,

and the depth at which the drogue is suspended.

A quite simple pressure

transducer would give you the drogue position within a metre or so.

What

would also be valuable would be to suspend a string of thermistors below to
locate the thermocline.

There are difficulties with that,

however, because

there is often current shear at the thermocline, and a lightweight string of
thermistors may swing badly off the vertical, unless it were held down by a

large weight which would also add drag.
QUESTION:

How many thermistors would be required and how far apart?

MORTIMER:

I think about five depending on the geometry.

If the drogue is at 10

metres you would need thermistors every twO metres depth down to 15 metres or
every three metres depth down to 20 metres, or so.

Also desirable is confirmation

that the drogue follows the ambient current fairly closely.
sensor could indicate this.

A simple pendulum
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SUNDARAM:

The current meter is measuring loca
l current and the drogue is
integrating over the rest.
Certainly, therefore you would have
some idea
of how far off your integrated
mean tranSport is.
MORTIMER:

I believe that, if we add more requ
irements, the cost will soon

take us out of the "expendable" range.
QUESTION:

Is it agreed that each of the drogues
in the field should have

current meters?

MORTIMER:

No not all.

It would be good systems design to prov
ide the environ

mental information from one or two
drifting bodies, and to use the othe
rs only
to determine dispersion from thei
r position changes.

QUESTION:

Will there be any drogue depth othe
r than the one that was mentioned

before; the one that will go down to 30
metres for the Lake Survey?
MORTIMER:

RODGERS:

I can't envisage many drogues below about
50 or 60 metres.

That's quite shallow.

MORTIMER:

I don't know if it's practical to opera
te a drogue on so long

a line, because of the problem of line drag.
RODGERS:

We were working with 40 to 50 square foot drogu
es with just an 1/8
inch line extending 30 to 40 metres using the rolle
r, which I already mentioned,
of more than 50 square foot cross section including
the line.

WILSON:

Looking at 1975, do you think we can possi
bly experiment here, with

1976 being an unspecified program year as far as these go?

MORTIMER:

That is the earliest.

I would say we would be fortunate if we

move forward with that kind of timetable.
RODGERS:

The Lake Michigan study that Dr. Mortimer referred to is a 3-year

study starting in 1976.

BEUKERS:

It is to be a surveillance and applied research study.

To achieve the solution at the costs we are talking about and with

the sorts of accuracies which we are trying to achieve, it
seems that you will
have to utilize something like radiosonde components, or
the like, which are

already quantity manufactured.
are very expensive.

If things are specifically developed, they

You never get the volume of production and neither do
you get the consistency of the sensor accuracy. As a matter
of interest, take
the sensors used on a radiosonde.

to 0.1%. at 90°c. to +40°c.
MORTIMER:

The thermistor bar is 2

long and is accurate

That costs about $1.50.

The time constant is pretty high,

though,

isn't it?

BEUKERS:

The time constant is 1.5 to 2 seconds, depending
on the air current.
The aneroid used is accurate to :l millibar from 1,000
millibars up to 2

millibars with a cost of the order of $3.50.

These components are actually

available in any particular quantity by radiosonde
manufacturers.

incorporate that sort of technology.
RODGERS:

One can

The engineers present have asked us for the
design of an experiment.

In general what you have stated, besides the requi
rement that I see, is the
kind of work required with one exception: your
suggestion that the original
array might be a 100 metre grid layout.
I would be more inclined to put in sets

of three drogues at fairly distant locat
ions,

to one array of twenty.

perhaps 10 km.

apart, as opposed

In terms of trying to verify or understand model
s of

the lake transport or circulation syste
ms, the drogues must be near the surfa
ce
and almost submerged in all cases.

MURTIMER:

Monahan always stresses one fact "that
the underwater projected
area must at least 100 times the abov
e water projected area, to be reasonab
ly
sure of following the underwater currents".
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COMMENT:

What specifications are required
to cover, for example, Lake Mich
igan?

MORTIMER:

I think the range of 30 km is the
maximum one can expect with the
shore station and short wave (i.e
. High Frequency) re-transmission.
The

experts can probably qualify
that but these are the figures
that I have assumed.
But I should like to track drif
ters all over the lake.
Lake Michigan is
80 miles wide.

WYLSON:

In regard to the re transmission
of data, we operate over a cons
ider-

ably greater type of surface in term
s of recording on site in the netw
ork of
land forest stations.

The standards we're setting for
full equipment basically
eliminate those people manning
watchtowers of course.
MORTIMER:

Your receiving tower is pretty high
though, isn't it?

WILSON:

Well, sideband aspects, as opposed
to UHF or VHF, give you a slightly
freer range and stability and the syst
ems which were described I think are

just as adaptable to sideband.
CUTCHIN:

WILSON:

Doesn't that add a lot to the cost of
the equipment and its weight?

No, it doesn't add too much to the total cost
of the system.

using High Frequency.

We are

CUTCHIN:

In order to get between 20 and 30 km range
and go up to 70 or 80 km
there is no increase for re-transmission?

BEUKERS:

CUTCHIN:

It's an increase in cost but not significant.

That makes a lot of difference here because that
is a significant
deviation for, if you can't cover the whole lake,
you will lose track of the

drogues.

112

KERUT:

We have scarcely discussed the acoustic technique.

Doug Webb outlined

He gave us a complete buoy package which we have not considered

the system.

in any of the other systems.

We are just dealing with the costs of a few

of the electronic components and that puts it disproportionately out of
perspective.

There are many advantages in an acoustic system which we should,

perhaps, delve into further.

We can avoid the air water interface or the

problem of the surface mixed layer.
two currents

MORTLMER:

Many difficulties in terms of measuring

are also eliminated.

If you are doing it from a Shore station, where would you put your

hydrophones?

Would they have to be in fairly deep water and would you have

a cable ashore?

WEBB:

We would like to conduct some more research in that regard to determine

its feasibility.

If there were that sound channel which would spool off a

hydrophone down to a suitable depth off the beach and have one planted there,
it would be comparatively simple as long as you didn't expect really long

endurance.
MORTIMER:
WEBB:

Outside the breaker zone, presumably?

Well, submerged to a suitable depth.

I think what we need to see is a

picture of the sound speed profile versus season.
the oceans but I don't know whether it

PALMER:

I have that in mind for

is applicable to the Great Lakes.

There are two operationally beautiful things with acoustic trans-

mission.

If you can keep anything out of the air water interface, including

ships, your life is about three times easier.
would be even better.

Doing it by submarine it

So there are some advantages.

You are not concerned

about losing them or maybe you have to worry more about losing them?

WEBB:

We are familiar with designing for high hydrostatic pressures.
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CUTCHIN:

Do the surface of the water and the
bottom simulate similarly?

What happens to the

off the

WEBB:

sound when

sediment bottom?

it bounces off the surface and
when it bounces

Several things happen.

There are substantial losses and
if the surface
is in motion it changes the frequenc
y, which may or may not be an inco
nvenience.
It is the losses which are usually
serious.
What you would look for, hopefull
y,
is a duct like situation, that is
suitable and stable for sound.

Part D
a.

MORTEMER:

Workshop Summary
The Relative Merits and Costs of
Available Systems

We have had some very useful input,

and costs of available systems.

Again,

I think, on the relative merits

that depends upon what you

apply them to but I think we in the
Committee
-

aregoing to

- if I may speak for the others

have a fair feel for costs and what
is available now, and if we don't then
we at least know whom to contact, which
is one of the helpful features of this
workshop.

b.
MORTLMEF:

Probable Lower Limits of "Expendable" Cost of
Instruments
That is rather more vaguely defined.

Figures of $200 $300 were

quoted in some instances and I think that refle
cts Mr. Beukers' last remarks,

but much larger amounts were also mentioned.
c.

MORTIMER:

Identification of Promising Lines of Development

We will have to leave that to the experts.

should be done, but we have seen what is possible.

transmitter network is completed,

the Great Lakes Region.

We cannot say what

Furthermore, when the

I think things will improve very much in

d.

Possible Cooperative Efforts of Such Development and Testing
Under Field Conditions

MORTIMER:

I think we in the Great Lakes Region, both at CCIW, and in other

Great Lakes laboratories would
these systems gratis,

current meter arrays.

probably
be only too pleased to test some of

fitting them into a system of other measurements; e.g.

Also, we could volunteer to try some pre system testing

which the manufacturers might find very

valuableat a later stage when they

market these items to government agencies and others.

e.

The Availability of Existing Equipment for Modification and
Field Testing.

MORTIMER:

I was

verymuch hoping that the RAWINDSONDE equipment that was used

for the IFYGL Program could be located by NOAA, modified and put onto buoys
instead of balloons for use in a Field Program.

I believe it was transferred

internally in NOAA to GATE (GARP Atlantic Tropical Experiment) and its fate
is unknown to me.

BEUKERS:

The Radiosonde transmits pressure,

temperature, humidity and location

is by means of Omega, Loran C or VLF.

MORTDMER:

BEUKERS:

Or optical theodolite,

I suppose,

in limited areas?

Not to detract from a NAVAID (Radio Navigation Aid), it transmits

almost parallel and is more viable than zero service up to about 100,000 feet.

Its 500 milliwatt transmitter operates over the 400-406 MHz frequency range.
MORTIMER:

Is it really expendable or do you have some returned from time to

time?

BEUKERS:

Many are recovered since they parachute down.

There is no reward

but the return address is attached and is stamped by the Post Office.

POPPE:

About 30% are received by the Weather
Bureau in Joliet, Illinois.

MORTIMER:

Do they have a surplus of these that
could be borrowed?
looking for something inexpensive
to try.

BEUKERS:

They re-ship to 100 stations in the
U.S.A.

twice a day for the synoptic sonde chart
s.

I'm

Balloons are released

POPPE:

The bandwidth of the transmission must
also be considered.
Using
frequency modulation, the NAVAID sonde has
a bandwidth of 0.5 MHz to 1.0 MHz.

QUESTION:
POPPE:

So that would require switching on and off?

Yes, with the direct retransmission technique.

PALMER:

You mean that the transmitter is complete and the
system also? The
rest of the system could be interfaced by just instal
ling an "on or off"
switch or could be used only because the Weather
Bureau uses it?

POPPE:

I earlier questioned "bootlegging" with regard to other program
s.

is possible for these kinds of applications, especially if
you get the

frequency allocations assigned for experimental work, but it should
not be
neglected until the last.

At an early GATE meeting, all of the experiments

for Omega Windfinding planned to use the frequency band between 401 and
406 MHz. During GATE a radiosonde interference problem did exist.
The
possibility of frequency allocation should be considered early in the game.

BEUKERS:

The frequencies have been allocated.

is the meteorological band.

We have 407 MHz.

350 MHz and 400 to 406 MHz
The U.S. Coast Guard has

been allocated a wide band at 416 MHz.
CUTCHIN:

Are they experimental?

BEUKERS:

No, operational use has been authorized.

It

f.

MORTIMER:

Potentialities for Environmental Telemetry

This has already been mentioned and discussed somewhat.
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CHAPTER 14

CONCLUSIONS,RECOMMENDATIONS
AND RESEARCH NEEDS

Environmental Data Required

Drifting drogues would be desired for dispersion tracking alone or WOUld
also be provided with sensors,

- e.g.

for temperature and depth.

Navigational and Allied Technology for the Location and Tracking
of Buoys

For the Great Lakes System, a very low frequency (VLF) of 10 to 130 kHz.
Loran C and differential Omega radio location techniques are valuable,
especially Loran C, with ranges of up to 1000 km.

Operational coverage

of the Upper Great Lakes by these systems is anticipated by 1975 80.
The value of utilizing underwater acoustic

(e.g.

the nearshore shallow waters of the Great Lakes,

further.
and F

SONAR) techniques in
should be explored

The use of Earth Satellite tracking systems
should be continued, using

Range-Range drogue monitoring by

e.g. NIMBUS 4

high frequency radio re transmission.

boat and radar tracking by aircraft are

other techniques successfully applied in lake and ocean environments,
for short range (30 to 40 miles) observations.

Probable Lower Limits of Cost of "Expendable" Instruments
Drifting buoy and drogue equipment costs range from as little as $200 $300
to several thousand dollars,

depending upon the degree of sophistication

required and the number and variety of sensors fitted.

The range and

life of the radio transmission instruments required affect this.

These

costs apply only to the drogue-buoy combination and not to the shore,
aircraft, satellite or other re transmission, and receiving systems, or
to navigation, data collection and processing.

The Availability of Existing Equipment for Modification and Field Testing
tured for
Readily available and inexpensive precision components manufac
red
Balloon borne meteorological RAWINDSONDE equipment were conside

NOAA, for example,

promising for adaptation to drifting drogue use.
has earlier used these.
are used in positioning.

Omega or Loran C radio navigational networks
Barometric pressure,

temperature and relative

humidity are telemetered by a 500 milliwatt radio,
allocated frequencies between 350 and 407 MHz.

transmitting on

In the U.S.A. one hundred

monitoring stations exist, with a further thirty five in Canada, with
potential utility in this exercise.

Possible Cooperative Efforts of Such Development and Testing of
Equipment Under Field Conditions
It was recommended that, in addition to current programs on the Great

Lakes, cooperative field research and development studies initiated by
such organizations as the Canada Centre for Inland Waters, NOAA and

the U.S.

EPA, etc., would be of inestimable value to the equipment

manufacturers and the researchers involved.
It was further recommended that an Advisory Committee be established to
coordinate and evaluate current scientific activities related to this
topic on the Great Lakes, since program management problems are con
sidered to outweigh the technical in this particular application.

Research Needs

-- to continue with drogue design development (See Appendix) to improve
correlation with the actual flow field of the lake and the monitoring
of ambient variables;

- to explore techniques of telemetry of drifter position and environmental
information,

to shore stations or satellites.

-- to develop commercially-available, multichannel, long range positioning

and telemetering systems for expendable drifting buoys; and to improve
their positioning accuracy; e.g. the differential Omega system and the
Loran C/Omega re transmission system,

and earth satellites;
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-

to evaluate the utility of short range ship and
aircraft tracking of

buoys drifting in clusters, using radar, radio
-navigational and
visual methods;

-

to emphasize program management research in design
ing the experimental
studies.

The above research needs were identified during the
workshop and are
based on the following more extensive list of sugges
tions.

SOME RESEARCH NEEDS IDENTIFIED BV CONTRIBUTORS

Author

Research Need(s)

Arajs

3)

Boat tracking of buoys for nearshore deployment,

using

radar and flashing light buoy beacons

Beukers

b)

Recommends range range electronic positioning.

a)

Meteorological instrumentation and communication
systems suggested

b)

Differential Omega navigation system recommended for
Great Lakes, when shore installation is completed

Carros

c)

Management problems require attention

d)

Earth satellite system used for re transmission.

a)

Recommends further development of the Beukers Laboratories Inc., Loran/Omega re-transmission systems,

presently

evaluated for SAR (Search and Rescue)

Eaton

Looking Infrared)

b)

Radar and FLIR

c)

NASA ATS 6 communications satellite use.

(Forward

studies

A thorough appraisal is required prior to recommending a
positioning method suitable for a given experiment.

Harrison

Surface drifter (expendable)

development needed for

comparison of data with deeper water layers

(to 1 metre

depth).

Kerut

Recommends ice buoy in the Great Lakes with HF/NAV SAT

system.

Author

Research Need(s)

Monahan

Pending extension of the Loran-C network to cover
the Great

Lakes region, further development of
a modified
differential Omega technique would impr
ove posi

tioning

accuracy to within a few hundred metre
s, for a re
transmitting buoy.
Murthy

a)

Research on "Filtering Effects" (i.e. dampi
ng of
small scale turbulent eddies) due to drogu
e
dimensions, adequate for simulating large
scale
horizontal dispersion

b)

Flow field inertial period is indicated by
convergence and divergence on the meso scale
Importance stressed.

Rodgers

a)

To reduce wind drift

b)

To improve identification and position accuracy
of
drogues in fleets.

Webb

Acoustic methods used in the relatively shallow waters
of the Great Lakes,

present problems due to received

signal complexity from interferences such as lakebed,
thermocline and surface.

Wilson

Development of commercially-available, multichannel,
positioning and telemetering systems for expendable

drifting buoys.
(N.B.

only NNSS

(Navy Navigational Systems Satellite)

and Omega navigation systems are presently applicable.)
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Participants' Current Intere
sts

MR. A. A. ARAJS referred to the
studies of the Water Distribution

Engineering Group's modellin
g of water bodies adjacent to
existing or
proposed electrical genera
ting stations in Ontario.
Temperature conditions
required

for design criteria have

involved extended enviro
nmental studies,

growth over the last six or
seven years requiring supple
mentary records.

Also, recent observations have
been made using range/range ele
ctronic
positioning techniques, such
as Trisponders, up to 20 km
offshore.
MR.

JOHN M.

BEUKERS' company in Bohemia,

New York, develops and
markets specialized equipmen
t for radio navigational aids
such as the
LO CATE series of systems for
positioning and tracking remote,
trans

mitting objects.

VLF (Very Low Frequency, 10 30 kHz.
__e.g. the International Omega system) and LF (Low
Frequency, 30-130 kHz.__e.g. the U.S.

and U.S.S.R.

Loran C systems) are utilized sing
ly, phase differentially
or mixed and with or without retr
ansmission, as appropriate.
Operational
use on meteorological radiosondes and
on drifting buoys during the (1972)

IFYGL program has demonstrated the meri
ts of the equipment.

Beukers'

Mr. John

current interests in this field include
research and development
of earth satellite communications syste
ms and continuing investigations

of omega and Loran C differential capab
ilities.

MR. PAUL BUDGELL with Environment Canada's Ocean and
Aquatic

Affairs Directorate at the Canada Centre for Inland
Waters, Burlington,
Ontario, is making hydrodynamic investigations in
Hudson's Bay and James
Bay.
Estuarine conditions, the tidal regime and circulation
patterns
are under study.
These data are utilized primarily for navigational

purposes.
MR. J. R.

CARROS of the United States Coast Guard, Office of Research

and Development,

is specifically involved with search and rescue.

Tech

niques are under development for locating small boats to minimize rescue
time. Electronic aids such as Radar with Radar transponders are being
tried together with Loran, the use of various emitters which can be

positioned ("homed") and Radio Direction Finding systems.
evaluation is proceeding on Beukers Laboratories,

Presently,

Inc., LO CATE III

equipment designed to retransmit Loran C and 3-frequency Omega
DAVID CUTCHIN is a physical oceanographer and limnologist with

MR.

the Center for Great Lakes Studies, University of Wisconsin Milwaukee.

His main interests are in whole basin studies, edge waves, oscillations
and numerical modelling.

The meaSurement of surface drift patterns,

contributing sizeably to vertically integrated net transport processes,

has been achieved using drifting surface drogue trajectory observations.
An additional related interest is the comparison of remote sensing
information on icefield scatter patterns with surface drift data.

MR. R. M. EATON is active in a small task group involved in
identifying new navigational techniques for use in oceanography.
addition,
group.

In

the particular needs of oceanographers are solicited by this

Recent research interests have included applications of the Loran C

Very Low Frequency system and the utilization of Earth Satellites as

navigational aids.
MR. WYMAN HARRISON is an oceanographer with the Argonne National

Laboratory, Argonne, Illinois.

Their small group conducts research on

extreme nearshore conditions in the Great Lakes.

Until recently, much

of this was concerned with the mapping and modelling of surface discharges
into the Great Lakes.

Present studies, under the direction of ERDA,

(U.S. Energy Research and Development Administration) include the transport and conversion of energy related pollutants in nearshore areas.

The use of "ultra surface" drifters is planned in this context, to
float in the upper few centimetres and have self contained radio transmitters for tracking.

MR. CHARLES KEARSE of NOAA's Office of Marine Technology, Engineer-

ing Development Laboratory, Rockville, Maryland, is involved in research
and development of buoy design and construction.

He is now with the

National Ocean Survey group but worked at NOAA's Dodge Island, Miami,
facility until recently.
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MR. E. G. KERUT of the NOAA Data Buoy Offic
e, Buoy Applications Center,
described several existing and proposed studi
es using marine drifting buoys.
Surveys of Gulf and deep ocean waters, parti
culary those of the Continental

Shelf, are underway to provide information perta
ining to offShore structures.

Participation is planned in the First GARP
(Global Atmospheric Research

Program) Global Experiment

i.e. FGEE - for deploying expendable drifting

buoys in the Southern Ocean, involving sever
al nations. The FGGE Pilot Drift
Project for 1976, with overall NOAA management,
will utilize the NIMBUS F
Earth Satellite for communications in conjunction
with an International
Southern Ocean Study field project in Antaractic circum
polar waters.

MR. LORNE LANDRY of Environment Canada's Pacific Regional
Laboratory,
Marine Sciences Directorate, Victoria,

British Columbia, is primarily involved

with field work and data handling in relation to studies perform
ed in restricted
coastal areas in which drifting drogues were tracked by
photographing a radar
screen with the objective of deriving surface circulation
and flow data.
MR. EDWARD C. MONAHAN is Director of the Sea Education Association,

Woods Hole, Massachusetts.

His interest in drogues led to a thorough study

of their use over the past 400 years and consequent design evolution. Continuing research is underway with the development of guidelines for selecting
particular designs for specific applications.

An additional program involves

the computer analysis of position and interrogation data from fleets of
small, transmitting, drifters.

DR. C. H. MORTIMER, Chairman of the IJC Great Lakes Research Advisory
Board's Standing

Committee on Lake Dynamics, is Director of the Center for

Great Lakes Studies, the University of Wisconsin Milwaukee.

His first Great

Lakes investigations began during a visit to the University of WisconsinMadison in 1953.
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Since the founding of the Center in 1966, he has expanded his studies of the
dynamics of large closed basins, where

much has yet to be discovered regarding

large scale circulation.

DR. C.

RAJ MURTHY of the Applied Research Division of Environment

Canada's Canada Centre for Inland Waters, Burlington, Ontario,
lake dynamics related to nearshore, coastal,

zones.

is studying

The diffusion and

distribution patterns of artificial dye plumes have yielded data useful in

the interpretation of offshore lake conditions for resolving practical
problems.

Experiments using both dyes

and drogues were conducted during

the IFYGL (International Field Year on the Great Lakes)

in 1972.

DR. MERVIN D. PALMER head of the Lakes System Unit, Water Resources
Branch, Ontario Ministry of the Environment, is a member of the Board's

International Joint Commission Lower Lakes Study.

The Lakes System Unit

is responsible for evolving a predictive capability for water quality
in coastal regions of large lakes.

MR. MARTIN C. POPPE, has a consulting company, Cambridge Engineering of

Cambridge, Vermont.

He has provided expertise in navigation techniques,

radio communications and signal processing for both the U.S. Government

and private industry.

His expertise in tracking remote objects and the

utilization of re-transmission techniques has included participation in
international programs such as the (1972) IFYGL,
FGGE**.

the GATE* and now the

Development and production of the Tran Star satellite communication

inexpensive satellite navigation receiver for evaluation in the FGGE

program.
*

Global Atmospheric Research Program (CARP) Tropical Experiment

** First GARP Global Experiment
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DR. G.KEITH RODGERS, a Com
mittee member,

is with the Applied Resear
ch
Division of Environment Cana
da's Canada Centre for Inland
Waters, Burlington,
Ontario.
He is an oceanographer and a
physical limnologist.
Activities

include modelling of large scal
e observational and allied veri
fication

programs in the Great Lakes,
flow rates and coastal flows.
In addition,
baseline water quality studies
are underway on the Upper Grea
t Lakes
(i.e. Huron and Superior) unde
r the auspices of the Internat
ional Joint
Commission's International Refe
rence Group on Upper Lakes Poll
ution.
DR. H.K.

800 is with the Marine Instrume
ntation Laboratories, Great
Lakes Environmental Laboratory
of NOAA in Ann Arbor, Michigan.
The major

thrust of the group's research acti
vities is numerical modelling,

involving the evaluation of Lagr
angian and Eulerian techniques for
material
input to the Great Lakes.
In this regard, a cooperative prog
ram on Lake
Michigan is planned for 1976 with
the NOAA Data Buoy Offfice, Bay St.
Louis,
Mississippi, utilizing Richardson
buoys.
DR. T.R.

SUNDARAM, Director of the Environmental
Science and Antipollution Systems Department of Hydro
nautics, Inc., is a Committee member.

Lake dynamics activities facilities are expan
ding within his Company.

MR. DOUGLAS E. WEBB is with the Woods Hole
Oceanographic Institution,

Woods Hole, Massachusetts.

His current interests involve the developmen
t

and operational use of drifting, neutrally
buoyant floats for deep
ocean studies.
In his present hydrographic survey of water
density, acoustic
techniques are used for buoy positioning,
tracking and interrogation.

MR. PETER WILSON cited his firm's work on "An Investigatio
n into the

Feasibility of Tracking Drifting Buoys in Canadian Waters
", March 1974.

This report was prepared under contract for Dr. John Garret
t, Marine

Sciences Directorate of Environment Canada, Pacifi
c Region, Victoria, British

Columbia and is representative of Mr. Wilson's current interes
tS.

_

L

131

TERMS OF REFERENCE

RESEARCH ADVISORY BOARD

1.

As used herein, "research" includes
development, demonstration and
research activities, but does not incl
ude regular monitoring and surveillance
of water quality.
2.

The functions and responsibilities of
the Research Advisory Board

relating to research activities in
Canada and the United States conc
erning

the quality of the waters of the Great
Lakes System shall be as follows:
(a)

To review at regular intervals thes
e research activities in order to:
(i)
examine the adequacy and reliability
of research
results, their dissemination, and the
effectiveness

(ii)
(iii)

(iv)

of their application;
identify deficiencies in their scope, and
inadequacies

in their funding and in completi
on schedules;
identify additional research projects
that should be
undertaken;

identify specific research programs for which

international cooperation will be produ
ctive;

(b)

To provide advice and consolidations
of scientific opinion to
the Commission and its boards on parti
cular problems referred
to the Advisory Board by the Commission
or its boards;

(c)

To facilitate both formal and informal inter
national
cooperation and coordination of research;

(d)

To make recommendations to the Commission.

3.

The Research Advisory Board on its own author
ity may seek analyses,
assessments and recommendations from other profes
sional, academic,
governmental or intergovernmental groups about the
problems of the Great
Lakes water quality research and related research activi
ties.

4.

The International Joint Commission shall determine the size
and composi

tion of the Research Advisory Board.

The Commission should appoint members

to the Advisory Board from appropriate Federal,

State and Provincial Govern~
ment agencies and from other agencies, organizations and institut
ions
involved in Great Lakes research activities.

In making these appointments

the Commission should consider individuals from the academic, scientif
ic
and industrial communities and the general public.

Membership should be

based primarily upon an individual's qualifications and potential contribution to the work of the Advisory Board.

5.

The Research Advisory Board should work at all times in close

cooperation with the Great Lakes Quality Board.

,
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TERMS OF REFERENCE STANDING COMMITTEE ON
LAKE DYNAMICS

This committee recognizes two main
duties:
__ to respond to specific questions refer
red to it by the Research Advisory
Board and

__ to review the present status of knowledge
and technique and to recommend
particular lines of study, where these promi
se to increase knowledge

essential for the understanding or management of
the Great Lakes as an
inter
national water resource.

These studies will be principally concerned with
measurement, modelling,

prediction or control of "pollution" dispersal and transp
ort from defined and

diffuse sources, under average as well as extrem
e seasonal and hydrographic
conditions.
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Free-floating Current Followers

by
L.D.B. Terhune

INTRODUCTION

The movement of water masses is commonly studied by following the motion

of current followers consisting of surface floats, weighted subsurface drogues
and connecting wires.
Commonly this is done without the provision of even a

crude estimate of the errors to be expected from such systems or any numerical
criteria for the design of the followers.

The general approximate analysis of such systems to be presented will make
it possible to aSSess a system easily, and even to make first-order corrections
when the values of water shear velocities are known. It will also be possible
to assess the worst case of the effect of wind.
When water shear is under discussion, the term "float" shall include, not
only the Submerged portion of the float, but also rods, weights, shackles, and
other appurtenances that are in the water. When wind effects are discussed,
"float" shall signify all parts that are above the surface. Similarly, the
term "drogue" shall include all its appurtenances.
ERROR CAUSED BY FLOAT ALONE WITHOUT WIND
The general equation for fluid drag on an object is

D=c,,s gv2

(1)

where D is the drag force in lb, Co the drag coefficient of the object, S the
cross-section area of the object, in square feet, perpendicular to its velonity

V ft/sec through the fluid, and p the mass density of the fluid in slugs/ft3.'

For water 9/2 is approximately one, and for air approximately 0.0012 slugs/ft .
Equation (1) may be rewritten as

D=RV .
This is the defining equation for R, the "drag factor" for the body.

(2)
Except

for the case of the line connecting float to drogue, where in general the
velocity of the line through the water varies along the length of the line,

the drag factor is given by:

R = CD 5 g.

(3)

This drag factor can be calculated fromequation (3), if the coefficient of
drag is known, or can be determined experimentally from equation (2).
Its
units are lb sec ft' .

Equating the drag force on the float to the drag force on the drogue,

R, v,3 = Rd v,8

(4)

where the subscripts f and d refer to float and drogue, respectively, and V
refers to the absolute value of the velocity of the body through the water in
its vicinity. Hence

Vf =s/g-4

V4

-

(5)

(6)

o

I

<

.

H

V:

<

But

where V , is the "shear velocity" (defined here as the absolute value of the
vector difference between water velocities at surface and at drogue depth)
so that

Jgtvd=V.-V,

)

(7)

and

V4 "

- -- -

The error in velocity, V, , of the system

(8)

caused by float alone,

eh

is

equal to the velocity of the drogue through the water surrounding it, and the
ratio of error in velocity to shear velocity is given by

(9)

The direction of the error is obtained by subtracting the water velocity
vector at drogue depth from the surface velocity vector.

It is well here to examine the dependence of the computed system error
Let

:0

upon the estimated drag factor ratio.
X=._.1

R!
and let
e

_

y= V1 = (14-vi) 1 .

(11)

Differentiating with reapect to x,
_2
dyi-

£ii: §ii.. dx
2

(12)

x

and

Ex aY

x

Vr.

211 +

___ it
x)

x

.

(13)

It is obvious then, that the percentage error in computed system error,
caused by error in drag ratio, will be less than half the percentage error in
drag ratio.
For example, if the system error Were computed to be 10% of the shear
velocity, and the estimated drag ratio were in error by 20%, the system error
would be either 9% or 11% of the shear velocity.
ERROR CAUSED BY WIRE ALONE
Let the velocity profile be aSSumed to be linear with depth.
Let the velocity V; of the drogue through the water surrounding it be
assumed to be much smaller than the velocity W. of the float through the Surface
water.
The float velocity, V, will then be approximately equal to the shear

velocity V. .

Further, let the drag coefficient be assumed to be constant along the
This assumption will be justified later.
Applying equation (1):

D = c0 5

Nl'o

wire.

This is a reasonable approximation for any good system.

Va .

(1)

to an element of wire height, dh ft:

d DH = cm. as v,,2 = c '1' via dh

(14)

whereiJ/Z is equal to one slug per fta , C, is the wire drag coefficient, Tu
is the wire diameter in ft, and VI. is the velocity of the wire at a height,
h ft above the drogue.
But

(15)
where H is the drogue depth.
Combining equations (14) and (15):

d D"

a

can Tu V:

2 ha dh .
3

(16)

Integrating between limits:
C

T

H

Du a £1.3L. Vea-

CDH SH

(17)

e

..

M

Equating wire drag to drogue drag:

Ru Vsa = R4 Vcat

(18)

U.AA_A__U<..A

A

where
R

CO

SH

3

r

(19)

A

=

i

so that

V

-

(2o)

a

H
But again
Vt

VI

' V4!

(6)

so that

!

I)

_

wwmmwi eh ju

Amer

i

R

(21)

Va = W

(22)

and the error in system velocity caused by wire alone, eH ,

is equal to the

drogue velocity, and the ratio of this error in velocity to shear velocity is

_ Fig-.

en

VT

(23)

.

It was earlier assumed that the drag coefficient of the wire would be
constant along its length. This is only very approximately true, particularly
for low Reynolds number,
R

n

VT

(24)

M.

where V is the velocity in ft/sec of the wire through the water, T the wire
diameter in ft and n the kinematic viscosity of water in fé7sec. (Since the
Reynolds number is dimensionless any consistent system of units may be used
here.)
However, if velocities less than 0.1 ft/sec can be neglected as contributing little to system error, a constant value of the drag coefficient can
be chosen for each wire size that will allow a good estimate of system error.
The drag coefficients in Table I are based on a plot of drag coefficients of

circular cylinders as a function of Reynolds number in Hoerner (1965).

For

the velocity range of 0.1 to 10 ft/sec, the actual drag coefficients differ
from these values by less than i 30%.
Table I.

Approximate wire drag coefficients, as a
function of Reynolds number.

Wire diameter (inches)

1/32

1/16

3/32

1/8

5/32

3/16

7/32

1/4

C D

1.5

1.35

1.3

1.2

1.15

1.15

1.15

1.15

While this seems like a very large error it has been shown in equation (13)
that the percentage error in computed system error will be less than one half
the percentage error in the estimated ratio of drag factors. This derivation
is as applicable to error due to wire as it is to error due to float.

If the system error were computed then to be 10% of the shear velocity,
and the wire drag factor had a possible error of t 30%, the actual system
error would lie between 8.5% and 11.5% of the shear velocity.

If greater accuracy at the higher velocities is desired, and if it is
agreed that velocities below 0.2 ft/sec contribute little to the error velocity,

then the following values of drag coefficient given in Table II can be used.

For the velocity range of 0.2 to 10 ft/sec the actual drag coefficients will
differ from these values by 20% or less.
Table II.

z
L

Approximate wire drag coefficients, with
greater accuracy for higher velocities.

Wire diameter (inches)

1/32

1/16

3/32

1/8

5/32

3/16

7/32

1/4

CD

1.4

1.25

1.2

1.1

1.1

1.1

1.1

1.1

While the purpose of this paper has been to present simple, easily
applicable formulae by which a system can be approximately assessed, it should
be pointed out that a considerably more accurate assessment of the effect of
the wire can be made by treating the drag coefficient as a function of velocity.
It is not, however, as easily applicable, since it requires a knowledge of the
shear velocity.

First, from the chosen wire diameter and predicted maximum velocity range,
determine the Reynolds number range from equation (24).
On a log log plot of drag coefficients for circular cylinders,such as
that in Hoerner (1965), fit a straight line to the curve over the required
range.

From the straight line, read off drag coefficients corresponding to the
chosen maximum and minimum velocities.
By simultaneous equations determine the coefficient of drag as a function
of velocity with the form,
Ii:

CD ._
a Va,
.

(25)

and substitute this value for CD in equation (14):

d Du = CD I v
to obtain

dh

(14)

so that

dD =aT v3+n ham dh
H

u

f

(97)

'

_

Again integrating between limits,

aTV2+nH

DH: __1'__ ___
3+

a

as

vn

3+n

'

v3,

(28)

or

Du = R" V,2

(29)

where

R : as

V, n

3 + n

N

aSN V. n

(30)

3 + n

Following previous reasoning,

.1
= 7-1
v
V.
l + R?

(23)

The exponent n will be found to be of the order of -l/5.
Because the wire's characteristic dimension is so much smaller
than the

characteristic dimensions of the other components, the wire has a much
smaller
Reynolds number than have the other components. For any significant velociti
es,
therefore, the drag coefficients of the other components are essentially
constants.
ERROR FROM FLOAT AND WIRE COMBINED

Equating drogue drag to the Sum of float drag and wire drag:

R4 V43 = R: Vra + Ru V33:

(31)

Rd V43 = Rt Vtas

(32)

Rt = R: + Ru

(33)

or

where

Similar reasoning to that used in equations (4) to (9), and in equations
(18) to (24), leads to a ratio of total system error (less wind effect) to
p...

=

(34)

I

< (D
II
c

shear velocity given by

1 + J§%

Again it should be noted that the percentage error in the computed systenlerror
will be less than one half the percentage error in the ratio of drogue drag
factor to the sum of the float and wire drag factors.
System errors as percentage of shear velocities are plotted in Fig. l
as a function of drag ratios. A few values are also tabulated in Table III.
Examination of Table III will quickly show what large values of drag factor ratio are
required to obtain reasonable system error.

From the identical form of the formulae for system error it will be seen
that Fig. 1 and Table III can also be used to assess the effect of float alone,

wire alone, and the worst case of wind effect.

DEPTH ERROR CAUSED BY WIRE ANGLE

In this section, expressions will be derived for the upper and lower
limits of error in drogue depth caused by wire angle.
Analysis for the actual
error in depth leads to expressions much more difficult to apply than the
present ones.

The velocity V of the drogue through the water will again be assumed to
be very much smaller than the velocity V, of the float through the water, so
that again the float velocity will be approximately equal to the shear velocity,
V. .
The vertical component of wire tension is essentially constant along the
wire and equal to the weight of the drogue in water:

Fv = W
where W

(35)

is the weight of the drogue in water.

M _na4 "swim _

The horizontal component of tension at the drogue is equal to the sum of
float drag and wire drag:

1=h = (R, + R") v,3

(36)

F1:

(37)

01"

(Rt + Ru)

V38:

Table III.

System error velocities, e , as percentages of
shear velocities, V3, for some values of drag

factor ratio, Rd/Rt.

Rd/Rt

I of V8

0

100

1

SO

4

33

9

25

16

20

25

17

49

12

100

9.0

400

4-8

1600

2.4

6400

1.2

0o

O

_ 10 -

The tangent of the angle of the wire from vertical at the drogue is,
therefore,
tan 9

is

.1 =

v3.

wa

(as)

Following similar reasoning, the tangent of the wire angle at the float
tan

9,

m5: V."

.

we
The depth of the drogue is

L cos 9, > H > L cos 9d

(40)

where L is the wire length, and therefore the error in drogue depth due to wire
angle is

L(l-cos e,)<AH<L(1-cos ed),

(41)

where AH is the error in drogue depth caused by wire angle.

Thus easily determined limits have
for any value of the shear velocity V..

been placed on error in drogue depth

WORST CASE OF ERROR CAUSED BY WIND

Let the water shear velocity be assumed to be zero.
this is the worst case of error caused by wind.

It will be shown that

Let it further be aSSumed that the water drag factors of float
and wire are
negligible compared to the drogue drag factor.
This will be true for any

useful system.

- 11 -

Equating wind drag to water drag, then,
R

v.2

de

V42

where R. is the drag factor of the exposed portion of the float,
R4 the drag
factor of the drogue, V"the wind velocity relative to the float,
and V'dthe
velocity of the drogue through the water, and where

R. = CD. 5. g; ,

(43)

Rd = CH s 1 g .

(44)

and

C D and S .are, respectively, the drag coefficient and cross-sectional area
of
the exposed portion of the float, C odand S dthe drag coefficient and crosssectional area of the drogue, and p.and p the mass densities of
air and water.

It should be remembered that p./2 and p/2 are approximately 0.0012 and 1.0
slugs/ft irespectively.

Since equation (42) is of the same form as equation (4), it is obvious

+

y.

V. =

h

that

,

(45)

where e. is the error caused by wind and V. is the vector difference between

wind velocity and water velocity at drogue depth or. for any significant winds,
essentially the wind velocity.
To show that the case of no water shear is the worst case of wind effect

let us again equate wind drag to drogue drag:

n. = R v3,

(46)

and take the derivative with respect to drogue velocity:

d D. = 2 Rd v I d v
or

(47)

-12-

dvd.9._D_t_.. ,

(48)

from which it is apparent that the greatest change in drogue velocity for a
given increment of wind drag occurs at zero drogue velocity.
SOME APPLICATIONS OF ERROR CAIEULATIONS
Example 1

One system in common use is the drift pole used for obtaining the movement
of surface waters.
The geometry above and below water is often very similar.
For such a system:
R- = C0. EL

Sn

0'0012 CD& so

and

Rd :- CM 55:

CM 54

Because of the near equality of the drag coefficients and cross-section areas:

3 a. 830,
RI

and

e

V,

l

1+V§Sb

1

29.8

sex 0.034

The system error will therefore be about 3.4% of the wind velocity.

Since

the velocity of wind-driven currents is naually estimated to be about 2% of
the
wind velocity, such a system can indicate surface velocities about 2
3/4 times
the correct values in a region where wind-driven currents predominate.
Example 2

Another type of system in use consists of a styrofoam float about 8
in
square, immersed to a depth of about 5 in, connected to a 2 ft square
Chesapeake
Bay drogueby a 3/32 in line.
For Such a system, with the drogue at a 10 meter
depth, using the wire drag coefficient from Table II:
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R, = co, 3 s, a,2§1) $82 (5)
2

Ru

C

5.31

144

.

.

3 5. aal 2

2

,

= 0.55 lb secd ft

"37'

$2_iz£331

12

= 0.11 lb sec

.

_2

ft

-3

R = R, + R = 0.66 lb seca ft"
,

R6 = Cod g 5. 6:2.4(1)(4) = 9.6 lb sec ft

_3

53.. 9'6 asl5
R
0.66
e

___

.

l

_______-

l

__

0.20

This indicates the system error is 20% of the shear velocity.

The system

is, therefore, a poor one and should not be used, except where it is known
that
the shear velocities are small compared to the water velocities at drogue depth
a
The drag factor for the Chesapeake Bay drogue was derived from information.
presented in Pritchard and Burt (1951).
Example 3

A system of similar type to that analyzed in example 2 is presently in use
at this Station.
The upper and lower surfaces of the float, figues (2) to (6), are para-

boloids of revolution with the formula

2 = 0.051 r3
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where z and r are in inches.
This yields a float with a centre thickness of
5 in and a diameter of 14 in before rounding of the sharp peripheral edge.
The particular thickness-to-diameter ratio was chosen after tow tests of

three 14-in diameter floats of a, 5, and 6 in thicknesses.

The 5-in float

exhibited the best sea-keeping properties and gave the highest buoyancy-todrag ratio and the lowest drag factor.
The float drag factor, R 'was determined by repeatedmeasurement of drag
force and velocity with the float internally weighted to design diaplacement
(3/4 of its volume immersed). The drag factor was the mean of the quotients
of drag in lb by the square of the velocity in ft/sec. For the S-in thick
float the drag factor was

Rf = 0.10 lb seca ft

_a

The wind drag factor for the float, R g, was determined by inverting the
float complete with battery bottle, pole, flag and light, so weighted that the
immersed portion corresponded to the portion normally in air. The air drag
factor was computed from the measured drag, D ., and velocity V .by the
relationship

The mean value was

R. = 4.4 x 10

-4

lb seca ft

-3

For 10 metres of 50 lb test nylon of diameter 0.030 in, using the drag
coefficient from Table II:
R

CD

SH

= .___éi___

is 1'41; 333

03

= 0.04 lb seca ft

3

.

J

a

The drogue is an 8 ft wide, 6 ft high, "window blind" of 4 mil polyethylene,
lashed along its upper edge to a cedar 848, 1x2, and along its lower edge to a
5/8-in diameter iron bar with a weight of 8.3 lb to submerge approximately 3/4
of the float volume. It is attached to the line to the float by a bridle with
arms at 45° to horizontal.
This drogue was suggested by D. Dobson of Bedford Institute of Oceanography.
In tow trials of a 2 ft square model at .014 knot, we found that, starting with
its plane parallel to velocity, it aligned itself perpendicular to the velocity
in travelling its own length. A deliberate 1/2 in inequality in bridle arms
increased this distance to about 3 lengths. After it had aligned itself, it
oscillated slowly about this position with an amplitude of about 15°. For such
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a drogue

p ,

-

Rd = Cod-3 54 §'2(l)(48) = 96 lb sec3 ft 2

R1 = R, + R

E.

R

= 0.10 + 0.04 = 0.14 lb seca ft

_2

3.9 ?

.14

and

et

1

17:.

1+7690

3

The system error is, therefore, 4% of the shear velocity compared to the
20% value for the system in example 2.
Examining possible wind effect:

Rd

96

R

4.4 x 10"2t

and

O

n.

v,

a

l

1 + 106722

Therefore, wind induced error will be not more than about 0.2% of the wind
velocity.
Error in drogue depth can be assessed as follows:

tan 0 . R; v, *. 0 14 v,3 = 0.016 v,
w
8.3
tan 0, . 51 v3. 0 10 _ 0.012 V,3
wa
8.3
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3

:1

3;

1

2

4

V. ft/scc

0.1

0.2

0.5

tan 9!
94°
9,0

0
0
0

0
0
o

0
0
o

0.012
0.9
0.7

0.048
3.7
2.7

0.19
15
11

cos 0,

1.00

1.00

1.00

1.00

1.00

0.93

tan a,

cos ea

0

1.00

0

0

1.00

0.016

1.00

1.00

0.064

1.00

0.26

0.97

1
'1

%
l

J

The per cent error in drogue depth is, therefore, negligible until a
shear velocity of about 4 ft/sec is reached. At this velocity the depth error

is between 2 and 3% of wire length.

The maximum wind-induced wire angle is given by

tan 9

._R.

__ V,l 3

: 4.48.6
x 10'4

V.3 = 5.1 x 10-5 v.2

d

from which it is obvious that there can be no appreciable wind-induced wire
angle for any moderate wind speed.
From the above calculations it would seem that this system is satisfactory
in any reasonable winds and in water shear velocities to 4 or S ft/sec.
Later tow tests were performed in moderate chop under conditions that
simulated system working conditions. An appropriate weight was suspended 10
ft below the float to simulate drogue weight. A horizontal line from this

weight led forward to a large cannonball suspended over the ship side.

The

float was observed to behave well up to 3.5 ft/sec (~w2 knots) at which velocity
the forward edge of the float began to lift. Direction of tow relative to wind
and waves made no observable difference in behaviour. Errors for this system at
shear velocities at or above 3.5 ft/sec will, therefore, be greater than the
predicted values.

A 10° bend near the upper end of the lower rod, figure 2, would improve
the behaviour of the float at the higher shear velocities at the cost of poorer
behaviour at the lower and, therefore, less important shear velocities.
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ADDENDA 19 0

Estimation of error from water shear velocity

l.

Obtain float drag factor, R,, from (a), (b), or (c).

(a)

From immersed cross-sectional area perpendicular to flow, 5 sq. ft.,

of float, an estimate of its drag coefficient, 0,, depending on shape,

the water density p/2 (= 1) and

From tow tests where D is the measured drag in lb. at velocity, V,

ft./sec. and

R' =

(c)

<|U
u

(b)

If float in example 3 is used,
R, = 0.10 .

From graph presented here obtain wire
Obtain wire drag factor R, for
wire.

R

3.

Obtain sum of float and wire

=LRV1o.

drag factors:
R, = R

4.

drag factor, Rilofor 10 meters of
length of line used, L meters from

+ R.

Obtain drogue drag factor, R, from (a) or (b).

(a)

As in (a) or (b) of determining float drag factor.

(b)

For a

window blind

of area 5 sq. ft. treated as a flat plate

perpendicular to flow, Co = 2, the drag factor is (numerically)

5.

Enter graph, Fig. l, in current follower paper with ratio Rd/R

estimated system error, e, as percentage of the shear velocity.

and obtain

Estimation of maximum wind induced error
1.

Obtain float air drag factor, R., for portion of float exposed to air as in

2.

Obtain drogue drag factor, Rd, as above.

3.

Enter error graph, Fig. l, with ratio Rd/R

obtaining Rf except that air density is approximately .001 times water
density.

of wind velocity.

to obtain error as percentage

NOTE:

In the foregoing no units have been given for the drag factors.

Since

only ratios of drag factors are used to determine the ratios between error
velocities and shear velocities, the drag factors may be in any units provided
only that all have the same units.

R'lo

WIRE DRAG FACTORS Rum FOR 10 METERS OF WIRE FROA TABLE II

0

0.1

0.2

Wire diam. in.

Notes:
R, is proportional to wire length

Use R. to 2 decimal places only

Nanaimo, B. C.
10 July 1970
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